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Some New Alkaloids from Chinese Corydalis Arbigua, Cham, et Sch. 
(Yen-Hu-So) Part III. 


TSAN-QUO CHOU. 
From the Department of Pharmacology, Peking Union Medical College. 


In a previous communication” ’ the writer reported the isolation 
from the tubers of Chinese corydalis (Yen-Hu-So) five alkaloids 
which were provisionally labelled A, B, C, D, and E, until further 
confirmation. Corydalis A is identical with Corydaline in all re- 
spects and the other 4 are new. A preliminary examination of the 
physiological effects of Corydalis B and C by Drs. H. P. Chu and 
C. Pak* showed that Corydalis B has narcotic and local anaesthetic 
properties and a cardiac augmentor action. Corydalis C is appar- 
ently a cerebral stimulant. In a second communication,’ the isola- 
tion of 3 more alkaloids, Corydalis F, G, and H, from the same 
Chinese Corydalis was reported. The first 2 are phenolic bases and 
the third, obtained only in the form of its hydrobromide, is quater- 
nary. The present work consists of the isolation of another new 
alkaloid, Corydalis I, and the identification of Corydalis F and G 
by means of their mono-methy] ether. 

Corydalis I is also a non-phenolic base, melting at 104° C. and 
having a specific rotation of +112.5° in alcohol. Tt crystallizes out 


1 Chou, T. Q., Proc. Soc. Exp. Brot. AND MED., 1927, xxv, 544. 
2 Chou, T. Q., Chinese J. Physiol., 1928, ii, 203. 
3 Chou, T. Q., Chinese J. Physiol., 1929, iii, 69. 
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from a mixture of alcohol and petroleum ether in the form of large 
prisms. It forms well crystallized salts; hydrogen oxalate, prisms, 
m. p. 185° C.; hydrochloride, silky soft needles, m. p. 236° C.; 
hydrobromide, silky needles, m. p. 241° C. The following prelim- 
inary physiological tests of Corydalis I were carried out by Dr. C. 
Pak; with doses varying from 0.19-0.35 mg. per gm. body weight 
subcutaneously, Corydalis I, in the form of its hydrobromide, pro- 
duces in mice and rats a slight depression of the central nervous 
system (drowsiness) followed within one hour by severe convulsions 
ending in death. In frogs, the depression is followed by exaggerated 
reflexes and increased extensor tonus, but no convulsions. The 
alkaloids, Corypalmine, which is dextro-rotatory, and its mono- 
methyl ether, d-tetrahydropalmatine, were isolated by Spath, Moset- 
tig and Trothaudl* from Corydalis tuberosa roots grown near 
Vienna in 1922. Corydalis F, C2oH.3,0,N, is similar to Corypalmine 
in its molecular formula and general properties, but differs from it 
in its optical property. Its mono-methyl ether has now been pre- 
pared by methylating with nitrosomethylurethane in the presence 
of sodium hydroxide. It has a molecular formula C.,H2;O.N 
(found: C = 70-78; H = 7-00; C.:H.,O.N requires C = 70-98; 
H =7.04) a m. p. 140° C. and a specific rotation —275°. It 
crystallizes out from alcohol in prisms and forms well crystallized 
salts. The close resemblance between Corydalis F and Corypalmine 
on one hand and its monomethyl ether with d-tetrahydropalmatine 
on the other leads the writer to think that Corydalis F is probably 
1-Corypalmine. 

Corydalis G, when methylated in a similar way as above, gives 
rise to the formation of Corydaline. This proves beyond doubt 
that Corydalis G is Corybulbine, an alkaloid isolated from commer- 
cial Corydaline by Freund and Josephi® in 1893, as the latter yields 
also Corydaline on methylation. 


4 Spath, E., Mosettig, E., and Trothaudl, 0., Ber. d. Deutsch. Chem. Gesellsch., 
1923, Ixvi, 877. 


5 Freund and Josephi, Anualen, 1893, celxxvii, 1. 
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Composition of Antigen-Precipitin Precipitate. 


HSIEN WU, PETER P. T. SAH ann C. P. LI. 


From the Departments of Biochemistry and Pathology, Peking Union Medical 
College, Peping. 


In a previous study* on the composition of the precipitate pro- 
duced by the reaction of an antigen with its anti-serum, we used 
hemoglobin as the antigen, because we had a specific method for 
the determination of small amounts of this protein. 

On account of the difficulty of preparing anti-hemoglobin serum, 
hemoglobin is not a suitable antigen for the further study of the 
problem. We have, therefore, looked for some other protein which 
is a stronger antigen than hemoglobin and which also lends itself 
to quantitative determination in a mixture of proteins. Iodo-albu- 
min has been found to serve our purpose, and we will report some 
results which have been obtained with it. 

The iodo-albumin is prepared as follows: 100 cc. of 5% sodium 
carbonate was added to 400 cc. of 2.5% crystallized egg-albumin 
solution. After cooling to 0°, the solution was mixed with an iodine 
solution prepared by dissolving 5 g. of iodine in 150 cc. 10% KI 
solution. The mixture was allowed to stand in the ice-box for 24 
hours. The iodo-albumin formed was precipitated by neutralizing 
the solution and then adding a slight excess of acetic acid. The 
precipitate was washed twice with water by centrifuging. It was 
then dissolved in 200 cc. N/10 Na,CO,; to give an approximately 
1% solution. It is free from iodide and iodine and has a yellow 
color. The iodo-albumin prepared in this way contained 14.1% 
nitrogen and 6.9% iodine. 

Iodo-albumin is a good antigen. No difficulty was encountered 
in preparing the anti-serum. Rabbits were immunized by giving 3 
series of injections. In each series, intravenous injection of 5 to 
10 cc. of 1% iodo-albumin was given daily for 3 days. Rabbits 
were then rested for 3 days before another series was started. The 
sera were tested on the 4th day after the last injection. 

The general analytical procedure used in the previous study was 
followed in the present work. The precipitate, after 2 washings 
with 0.8% NaCl, was dissolved in 1 cc. N/10 NaOH and diluted, 
according to the amount of the precipitate, to a suitable volume 


1 Wu, H., Cheng, L. H., and Li, C. P., Proc. Soc. Exp. Bron. AnD Mxp., 1927, 
xxv, 853. 
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(5-20 cc.). Aliquot portions of the solution were taken for N and 
I determinations. The N was determined by the same micro 
Kjeldahl method used in our previous study. The iodine was de- 
termined by a colorimetric method to be described elsewhere. The 
amount of antigen-N was calculated by multiplying the iodine figure 


by 2.04. 
TABLE I. 


Analyses of precipitates produced by the reaction of todo-albumin with tts 
anti-sera. 
Iodo-albumin in| Total N in ppt. 
Amount| Cone. of iodo- ppt. Todo-alb.-N 
Rabbié| serum albumin in total -N 
No. ce. 1.43 mg. N I N Total | per cc. % 
per ce. mg. mg. mg. | serum 
mg. 
911 
(Gy 8 1/30 0.0584} 0.116 1.02 0.126 11.7 
(b; 8 2D 0.0535 | 0.110 | 0.94 0.118 1s EE 
(2) 8 ay 0.0508 | 0.104 0.93 0.116 11.2 
913 8 1/10 0.0762 | 0.156 1.55 0.194 10.0 
6 1/15 0.0761) 0.156 1.42 0.236 | 11.0 
6 1/20 0.0957 | 0.196 Nees 0.289 | 113 
6 1/30 0.0692 | 0.142 1.30 0.216 10.9 
6 1/60 0.0442 | 0.091 1.01 0.168 9.0 
914 1d 1/20 0.0345 | 0.069 0.70 0.065 9.9 
10 1/30 0.0409 | 0.082 0.80 0.080 10.3 
10 1/45 0.0395 | 0.079 0.87 0.087 9.1 
10 1/60 0.0383 | 0.077 0.85 0.085 9.1 
915 12 1/20 0.0829 | 0.169 1.69 0.141 10.0 
12 1/30 0.0885 | 0.181 VELA 0.147 10.2 
12 1/60 0.0738} 0.151 1,57 0.130 9.7 
14 1/90 0.0653 | 0.133 1.52 0.109 8.8 
916 10 1/10 0.1326 | 0.271 2.56 0.256 10.6 
6 1/20 0.0809 | 0.165 17, 0.284 9.7 
6 1/30 0.0621 | 0.127 1.51 0.251 8.4 
6 1/60 0.0352 | 0.072 1.10 0.184 6.5 
13 1/90 0.0492 | 0.101 1.62 0.125 6.2 


* (a), (b), (¢) Precipitate washed 2, 3, 4 times respectively with 0.8% NaCl. 

The results of some analyses are shown in the accompanying 
table. It will be noted that the iodo-albumin content of the pre- 
‘cipitate is approximately constant for different sera when the con- 
centration of the antigen used is higher than 1/60 of 1%. With 
lower concentrations, however, the iodo-albumin content tends to 
decrease. 

These results confirm our findings with hemoglobin. The ap- 
proximate constancy of the antigen content of the precipitate 
strongly suggests a chemical reaction between the antigen and the 
precipitin (protein), but the question cannot be decided without 
further study. We are planning to use horses for the preparation 
of large quantities of immune sera and to study the reaction of the 
isolated precipitin (protein). 
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Function of the Columnar Epithelium of the Ciliary Body of 
Albino Rabbits. 


A. PILLAT anp W. C. MA. 


From the Departments of Ophthalmology and Anatomy, Peking Union Medical 
College, Peping. 


The assumption of secretory function of the non-pigmented epi- 
thelium of the ciliary body (Leber,’ Seidel’) has not been satisfac- 
torily confirmed. Some clinical experience of quick absorption of 
vitreous hemorrhages, however, seems to point to a possible absorb- 
ing function; and Meller® was able to show blood pigments in the 
inner layer of ciliary epithelium in such a case. Experiments were 
therefore attempted on albino rabbits to investigate this question. 

The ciliary body of the rabbit is covered by an inner and an outer 
layer of epithelium. The inner epithelial cells are not uniform, 
some being columnar, others cubic or flat, while those of the outer 
layer are uniformly cubic. Each of the columnar cells, which are 
concerned in this study, is limited sidewise by a very thin membrane 
and outwardly by a definite thick membrane closely similar to the 
cuticular membrane of the intestinal columnar cells. Further, the 
intracellular arrangement of mitochondria and Golgi apparatus is 
identical to that of the intestinal absorbing cells. 

These structural similarities led to the following absorption tests. 
The foreign material was introduced into the posterior chamber of 
one eye, the other serving as a control. A fine needle was inserted 
in the upper half of the eyeball obliquely through conjunctiva and 
solera to prevent outflow of the injected material after removal of 
the needle. Two hours after injection, the lower sector of the 
ciliary process, 7. e., the sector opposite the place of injection, as well 
as the ciliary body of the control eye were fixed and prepared for 
study. 

Indian ink injection: From 0.1 to 0.2 cc. Indian ink was given. 
Specimens were fixed in 10% formalin and stained with hematox- 
ylin-eosin. 

At the end of 2 hours, fine black granules appeared in the in- 
tercellular spaces and columnar cells. The distal portion of the 
latter were somewhat injured judging from the flattening of the 


1 Leber, Th., Graef. Arch. f. Ophthimol., 1873, xix, 87. 
2 Seidel, E., Graef, Arch. f. Ophthlmol., 1918, xev, 1. 
3 Meller, J., Arch. of Ophthl., 1928, lvii, 134. 
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cell and uneven staining. Occasionally ink granules were found in 
the connective tissue of the ciliary body, probably being carried 
there by wandering cells which are visible in different sections. 

If the ink was kept 1 or 2 days in the posterior chamber, more 
ink granules were found evenly distributed in the epithelial cells 
which became eventually flattened as if the inner layer had been 
“shed”. Even the nuclei became loaded with ink granules. It 
usually took 9 days for the gradual disappearance of the ink gran- 
ules. 

The ink granules might appear in the covering cells of the anterior 
surface of the iris, but very seldom in that of the posterior surface. 
The columnar ciliary epithelium near the ora serrata did not contain 
any ink granules, but a few were found in the chamber angle and 
Schlemm’s canal one day after injection. The outer layer of ciliary 
epithelium and endothelium of the posterior surface of cornea were 
always free from ink particles. 

Prussian blue reaction: Two drops of a fresh solution of equal 
parts of 1% sodium citrate and 1% ammonium ferricyanide were 
employed. Specimens were fixed in Carnoy’s fluid and stained with 
haematoxylin-eosin. 

The columnar epithelial cells were not injured with this injection 
as with the ink. The cytoplasm was stained red, containing a great 
number of deep blue or green granules around each of which there 
was a clear space. The color of the granules faded easily at the 
outer part of the cell. They were not found in the choroid, cham- 
ber angle or Schlemm’s canal. 

As the original solution injected was yellow, the presence of 
blue or green granules in the cell should indicate a previous absorp- 
tion of the solution. The surrounding clear area may be secondary 
to precipitation of the granules. If the ferricyanide was kept longer 
in the eye, the green or blue granules would disappear, leaving be- 
hind clear spaces or vacuoles. 

Fat absorption: A few drops of cod-liver oil were used. Speci- 
mens were fixed in Altman’s osmic bichromate mixture or Bensley’s 
acetic osmic bichromate mixture. Paraffin sections were stained 
with aniline acid Fuchsin and differentiated with alcoholic picric 
acid. The mitochondria were stained red, fat droplets black, nuclei 
yellow, and cytoplasm yellowish red. 

The fat granules were found throughout the cytoplasm of the 
columnar cells. They might be seen in the swollen part of the 
filamental mitochondria and sometimes might be connected with one 
another in the form of chain embedded in the filaments. They 
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were also found in large amounts in the connective tissue of the 
ciliary body and choroid. None has been observed, however, in the 
cells of the anterior iris, Schlemm’s canal and retina. 

The fat might disappear altogether from the ciliary epithelium 
8 to 12 hours after injection, but became abundant in the choroid 
probably carried there by lymph streams and wandering cells. 

A comparative study of fat absorption of the intestinal cell was 
made side by side. Mice and rabbits were fed frequently with 
cod-liver oil and killed after 2 to 4 hours. The mucous membrane 
of the stomach and intestine was removed and treated according to 
, the same technique as used for the ciliary epithelium. The distribu- 
tion of the fat granules in the intestinal absorbing cells was similar 
to that of the ciliary columnar epithelium. More significant is the 
fact that the fat granules were never found in any type of the secre- 
tory cells of the stomach and intestine. ' 

The above experiments tend to show that the ciliary columnar 
epithelium has an absorbing function. 
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Preparation of Globin. 


HSIEN WU. 
From the Department of Biochemistry, Peking Union Medical College, Peping. 


Schulz’ in 1898 prepared globin, the protein moiety of hemo- 
globin, by extracting an acidified solution of oxyhemoglobin with a 
mixture of ether and alcohol. Most of the pigment went into the 
ether-alcohol layer, leaving the globin in the aqueous layer. Upon 
neutralization with ammonia the globin was precipitated which 
was redissolved in dilute acetic acid and dialyzed. This method is 
very convenient, but the globin thus obtained is not natural, but 
denatured, globin, since the ether and the alcohol rapidly denature 
the protein in the presence of the acid. 

Hill and Holden’ have recently succeeded in preparing some glo- 
bin which is soluble in neutral solution and which may be natural 
globin. They did not start with pure hemoglobin, but with washed 
cells. They observed that the stroma proteins, when swollen with 
ether, had a great power of absorbing hematin, and they utilized this 


1Schulz, F. N., Z. Physiol. Chem., 1898, xxiv, 449. 
2 Hill, R., and Holden, H. F.,. Biochem. J., 1926, xx, 1326. 
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property for the removal of the pigment from the globin. Cell solu- 
tion was acidified with HCl and shaken with ether and kieselguhr. 
The mixture was filtered, and the filtrate was neutralized with 
ammonia to precipitate the denatured globin. This was again fil- 
tered, leaving a soluble globin in the filtrate. To minimize denatura- 
tion, all these operations were carried out at —2”. 

As far as the separation of the pigment from the globin is con- 
cerned, the extraction method cannot be surpassed. The stroma 
proteins remove only a part of the pigment, the remainder being 
carried down by the denatured globin. Hill and Holden stated that 
the globin prepared by their method contained up to about 2% of 
methemoglobin. It would seem that the globin solution may be 
contaminated also by the stroma proteins. Working with small 
amounts of cells and “with scrupulous attention to details,’ Hill and 
Holden reported a yield of globin amounting to about 40% of the 
original hemoglobin. Working at 0° instead of —2°, and using the 
cells of sheep instead of ox blood we have been able to obtain a yield 
of only a few per cent. 

The commendable feature of Hill and Holden’s method is the 
cooling of all solutions. We have found that if the extraction of 
the pigment with ether and alcohol is carried out in the cold and the 
denatured globin removed by neutralization and filtration, consid- 
erable amount of globin is found in the filtrate. As the result of a 
certain finding about the hemoglobins and guided by our experience 
with denaturation of proteins in general, we have worked out a 
simpler method for the preparation of globin. 

Method: Prepare methemoglobin as follows: Dilute 100 cc. of 

washed sheep cells with an equal volume of H.O. Add 4 g. of 
powdered potassium ferricyanide. When the evolution of oxygen 
has ceased, transfer the mixture to collodion tubes and dialyze until 
free from ferricyanide. The dialyzed solution is treated with 
alumina cream to remove the stroma proteins. 
' Measure (a) 32 cc. of 95% alcohol and 112 cc. of ether into a 
250 cc. separatory funnel; (b) 150 cc. of water into a 300 cc. flask; 
(c) 20 cc. of N/10 NaOH into a test tube. Cool all these to 0° by 
placing them in an ice bath. Mix 40 cc. of 2% methemoglobin so- 
lution with 20 cc. of N/10 HCl and cool the mixture also to 0°. 

Pour the acid methemoglobin solution into the ether-alcohol mix- 
ture. Remove the separatory funnel from the ice bath and shake 
vigorously for 30 seconds. Return the funnel to the bath. In one 
or two minutes the mixture will have separated into 2 layers. The 
upper layer contains nearly all the pigment, while the lower layer 
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contains the globin. Remove the funnel from the bath and deliver 
the aqueous layer into the cold H.O (b) and mix. Pour the N/10 
NaOH into the mixture and mix by a gentle shaking. The denatured 
globin is precipitated. The precipitate flocks well and is very easily 
filtered. The filtrate contains the globin in a concentration of about 
0.2%. If the ether-alcohol mixture is cooled to —15° instead of 
0°, the yield is a little higher. The yield is also higher, if 1% 
methemoglobin solution is used instead of 2% solution. In that 
case, the final solution of globin is, of course, more dilute. 

To remove the ether and alcohol, the solution is dialyzed against 
water in the cold. If it is desired to concentrate the solution at the 
same time, the globin solution may be dialyzed against egg white 
as described in the following paper. 

Discussion. In the preparation of globin Schulz used oxyhemo- 
globin and Hill and Holden used washed cells which contained, of 
course, also oxyhemoglobin. We have found that different forms 
of hemoglobin do not give up the pigment to the ether-alcohol 
mixture with the same ease. Whereas a 1% solution of methemo- 
globin gives up all of its pigment when extracted as described above, 
oxyhemoglobin gives up only about 80% of its pigment under the 
same conditions. If the aqueous layer in the latter case is shaken 
with ether-alcohol mixture for a second time, very little pigment is 
removed, and further extraction will not remove any more pig- 
ment. If the oxyhemoglobin is reduced in Van Slyke’s gas appara- 
tus (constant pressure form) and the extraction carried out in 
. vacuum, the pigment is completely extracted as in the case of methe- 
moglobin. Carboxyhemoglobin occupies a middle position between 
the methemoglobin and the oxyhemoglobin. This difference in the 
behavior of different forms of hemoglobin seems significant, and it 
will be studied further. For the present it suffices to point out the 
fact that methemoglobin is the most suitable form of hemoglobin for 
the preparation of globin. 

For the complete extraction of the pigment a certain minimum 
amount of acid is required. Excess of acid is not desirable, as it 
will accelerate the denaturation of globin. The amount prescribed 
in the above method is just enough for complete extraction of the 
pigment from 1% methemoglobin solution. When 2% methemo- 
globin solution is used, a small amount of the pigment is left in the 
aqueous layer. The pigment is carried down, however, by the 
denatured globin upon neutralization of the acid solution. 

The dilution of the acid globin solution with H,O before neutrali- 
zation is to decrease the denaturing action of alcohol and ether 
which are dissolved in the solution. . 
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When a solution of hem (prepared by dissolving hemin crystals 
in dilute sodium carbonate) is added to an equivalent amount of 
globin and the mixture is buffered to pH 7.4, the absorption band 
between C and D (A= 634) characteristic of methemoglobin can 
be seen. In 2% Na.CO, solution the 3 bands of alkaline methemo- 
globin mentioned by Hill and Holden can be seen. When com- 
pared with a natural methemoglobin solution of the same concen- 
tration, however, the intensity of the bands given by the globin-hem 
mixture is very much weaker. In fact, the difference in color be- 
tween the methemoglobin and‘ the globin-hem mixture in carbonate 
solution is apparent to the naked eye. The globin solution prepared 

-according to Hill and Holden behaves in the same way as one pre- 
pared by our method. We are not prepared to interpret this find- 
ing at present, and we are studying further the relationship be- 
tween hem, globin and methemoglobin. 
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Method for Concentrating Protein Solutions Without Denaturation. 


HSIEN WU. 
From the Department of Biochemistry, Peking Union Medical College, Peping. 


In the preparation of natural globin by the method described in 
the preceding paper the solution obtained is too dilute for certain 
purposes. It has been found impossible to concentrate the solution 
by any of the usual methods without great loss as the globin is very 
susceptible to denaturation by a variety of agents. Finally a method 
is found which works well for globin and should be applicable to 
any protein solution. 

The principle of the method is simple, but it does not seem to have 
been employed as a laboratory technique. The protein solution is 
concentrated by dialysis against a concentrated solution of another 
protein or some other substance which cannot diffuse through the 
membrane. Fresh egg white serves this purpose very well. It is 
convenient to insert into the tube a rubber stopper with a large hole. 
The tube is tied to the stopper with a string which serves for hang- 
ing the tube. 

A collodion tube such as is used for dialysis is prepared. Trans- 
fer to the tube a measured volume of water and place the tube in 
about 10 volumes of fresh egg white. The dialysis is allowed to 
take place in the ice chest. 
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After 24 hours the water in the tube will have decreased to a 
small fraction of the original volume. This water is removed with 
a pipette and tested for protein. If the test is negative, the collodion 
tube is suitable for use. 

The dilute protein solution to be concentrated is transferred to 
the tube and dialyzed against egg white. As the solution becomes 
concentrated more of the dilute solution is added to it from time to 
time. The dialysis is continued with frequent change of the egg 
white until the desired concentration is reached. If it is necessary 
to remove the crystalloids which have come into the solution from 
the egg white, this can be accomplished by dialysis under pressure 
‘against distilled water in the usual way. 
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Behavior of Adrenal Transplants in the Transparent Chamber In- 
serted into the Rabbit's Ear. 


HSIANG-CH’UAN HOU. (Introduced by R. K. S. Lim.) 
From the Department of Physiology, Peking Union Medical College, Peping. 


Adrenal transplants were made into the ears of 6 adult rabbits by 
means of Sandison’s technic.t. The left adrenal gland was removed 
aseptically from the rabbit and placed in warm saline for 10 to 15 
minutes. Thin pieces of both cortex and medulla were taken and 
inserted into the chamber adjacent to the blood vessels. Immediate 
observation showed that the transplant consisted of cell masses too 
opaque to be clearly seen, with a few isolated cells at the edge. 
These individual cells appear to live for 2 to 4 weeks, exhibiting 
some migrating activity but never active amoeboid movement. They 
are quite large and show vacuoles and a number of highly refractile 
granules. In 4 days to a week the vacuoles became more numerous 
and many of the cells began to shrink, fragment and disappear. No 
cells were seen to be growing and multiplying. 

The main transplant showed some living cells along the margin 
but the center when visible appeared to be necrotic and became slow- 
ly absorbed in the course of about 4 weeks. 

The transplant apparently retards the growth of the connective 
tissue and blood vessels in the chamber. No adrenal cells were seen 
to live in among the connective tissue, nor was there any indication 


1 Sandison, J. C., Am. J. Anat., 1928, xli, 447. 
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of reaction about the transplant, except for the presence of a few 
leucocytes and macrophages. Occasionally a zone of leucocytes, 3 
or 4 cells deep, was found next to a degenerating mass. 

All 6 rabbits, 5 with autotransplant and one with hemotransplant 
showed quite similar findings. None of the transplants exhibited 
signs of growth or survived longer than 6 weeks. 

Attempt was also made to transplant the adrenal in 2 stages. The 
transparent chamber was first inserted into the ear of the rabbit. 
When the growth of blood vessels became profuse throughout the 
greater portion of the chamber, a second operation was made to 
remove one adrenal, thin pieces of which were inserted into the 
chamber. There was no hemorrhage. 

In the first few days the blood vessels and connective tissue did 
not show any reaction towards the graft, which appeared to draw 
its nourishment from the lymph in which it was bathed. On the 
third day, the capillaries increased in number with a more rapid 
flow of blood through them and some extravasation of red blood 
corpuscles occurred. More leucocytes were seen on the fifth and 
sixth days, although phagocytosis was not actually observed. 

In the week following, regeneration of the transplant was noted 
to go on hand in hand with degeneration. Most of the cells in the 
center of the transplant degenerated rapidly, while cells along the 
edges continued to grow. Mitotic figures were only rarely seen. 
Columns of cortical cells were now visible, separated from the main 
transplant, some presenting the typical appearance of the fascicular 
zone of the adrenal gland. Daily measurement with an eye-piece 
micrometer showed that these columns increased, 1%. e., grew, in 
length for a week or two. Medullary cells must have degenerated, 
for none were seen. 

By the third and fourth week, the graft became canaliculized with 
blood vessels and a number of columns of cortical cells became easily 
visible. The cells were rendered clearer after subcutaneous injection 
with neutral red according to the technic described by W. C. Ma 
and H. C. Chang,’ although the cell granules were not distinctly 
stained. In the fifth week, however, a retrogression in the growth 
appeared and most of the columns became broken up into segments 
and individual cells, which degenerated and were gradually replaced 
by connective tissue cells. By the twelfth week only a few scattered 
cells and a few columns remained. 

Jaffe* records that his adrenal cortex transplants (into abdominal 


2 Ma, W. C., and Chang, H. C., Chinese J. Physiol., 1928, ii, 381, 
3 Jaffe, H. L., J. Exp. Med., 1927, xli, 587. 
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wall of guinea pigs) were still viable after 276 days; Busch, Leon- 
ard and Wright* that segments of whole adrenal gland implanted 
in the kidney (rabbit) survived for 274 days. Pybus’ and Leschke® 
report successful homotransplantation in humans with Addison's 
diseases ; the grafts apparently lived for a year or longer. All other 
attempts at transplantation have more or less failed. 

The results here described show that an implant will only grow 
so long as the growth of connective tissue is held in check. 

Jaffe suggests that the presence of medullary tissue in the gratt 
prevents successful takes. 


4 Busch, F. C., Leonard, T. M., and Wright, T., J. Am. Med. Assn., 1908, li, 
640. 

5 Pybus, F. C., Lancet, 1924, 550. 

6 Leschke, H., Med. Klin., 1928, xxiv, 1268. 
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Parasiticidal Potencies of the Tri- to Hepta-Methyl Derivatives 
of Rosanilin. 


ERNEST CARROLL FAUST. 


From the Laboratories of Parasitology, Peking Union Medical College, and 
Tilane University. 


Faust and Yao’ have shown that gentian violet, either by oral or 
by intravenous injection, is parasiticidal for Clonorchis sinensis, a 
fluke residing in the biliary passages of man, dogs and cats in the 
Far East. Although in chronic cases of long standing the flukes are 
at times so effectively walled off by the thickening of the biliary 
epithelium that it is impossible for the dye to reach them in lethal 
amounts, from 60 to 95% of the flukes can be destroyed by this 
dye, thus producing material improvement in the patient. Olivier 
and Kandou,” utilizing gentian violet therapy on 18 Clonorchis- 
infected patients in Java, have been able to confirm the results. of 
Faust and Yao. It has seemed desirable, therefore, to follow the 
experimental work a step further in order to determine (1) which 
homologs in the methylated rosanilin series possess the parasiticidal 
properties and, if possible, (2) the portion of the potent homologs 
which is responsible for the results. With this in view the following 
dyes were obtained and the bactericidal and clonorchicidal poten- 
cies tested. 

1. Dahlia crystals, e. g., tri-methyl rosanilin (National Aniline 
and Chemical Co., and Griibler ). 

2. Gentian violet crystals, e. g., a half and half combination of 
tetra-, penta-, and hexa-methyl pararosanilins with dextrin. (N.A. 


Ce 


1 Faust, E. C., and Yao, K. F., Arch. fur Schiffs- u. Tropen-Hygiene, 1926, 
xxx, 383. 

2 Olivier, P. H., and Kandou, R., Geneeskundig Tyschrift voor Nederlandsch- 
Indié, 1927, Ixvii, 59. 
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3. Enteric coated gentian violet pills (N.A.C.C.). 

4. Methyl violet B crystals, e. g., about 8% tetramethyl, 80% 
penta-methyl and 12% hexa-methyl pararosanilin. (N.A.C.C.). 

5. Crystal violet crystals, e. g., pure hexa-methy] para-rosanilin. 
CN AC. Ce): 

6. Methyl green, e. g., hepta-methyl pararosanilin. (Griibler. ) 

Table I shows the relative bactericidal potencies of the several 
dyes at different dilutions. 


TABLE I. 
Growth of B. subtilis in the following media. 


al 2 3 4 5 6 7 
Gentian Gentian Methy] Crystal 
Dilution Dahlia Dahlia Violet Violet | Violet B.| Violet Methyl- 
Nat. An. | Grtbler Tablets Crystals | Nat. An. | Nat. An. Green 
Chem. Co. Nat. An. | Nat. An. |Chem. Co.|Chem. Co.| Griibler 
Chem. Co.|Chem. Co. 
1/100,000 —_— — ap — — Not Bibs eats 
tried 
1/200,000 — —— 4FSe — — Not eae 
tried 
15000008 |Roeciecta te aRSr ap SEP SRS ate = —_— SRS ESE 
1/1,000,000 | ++++ SPARSE apap ae ap ! ae —_ Saatmatai 


It will be seen that crystal violet is the only member of the series 
which conforms to the biological specification of the Commission on 
the Standardization of Biological Stains (Conn*), namely that 
it should have “sufficient bacterostatic power so that, when added 
to nutrient agar in the proportion of one part to a million, it will 
entirely prevent the growth of Bacillus subtilis when this organism 
is streaked over the surface of the hardened agar.” 

Guinea pigs and puppies artificially infected with Clonorchis and 
cats naturally infected with the fluke were used in testing the clon- 
orchicidal potency of the dyes.: Both oral and intravenous routes of 
administration were utilized, although the latter (in one-half per 
cent solution) was better tolerated by the animals. The experi- 
ments, which extended over a period of nearly a year, may be sum- 
marized as follows: 1. Dahlia was found to be without measurable 
parasiticidal potency or without any toxic effects on the host. 
2. Gentian violet, methyl violet and crystal violet were equally potent 
(being 50 to 100% clonorchicidal, depending on whether the in- 
fection was chronic or of recent origin). These dyes were well 
tolerated by the infected animals, particularly when intravenous 
injection was utilized. 3. Methyl green was found to be without 
measurable clonorchicidal potency. However, it had a definite toxic 
effect on all animals to which it was administered even in smail 


3 Conn, H. J., Biological Stains, Geneva, N. Y., 1925, 151 pp. 
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amounts. The symptoms which developed some days after admin- 
istration consisted of spastic paralysis and epileptiform seizures, 
terminating fatally. 

The results of these experiments seem to indicate that the tetra-, 
penta-, and hexa-methyl pararosanilins are equally clonorchicidal, 
although theoretically, as well as by the bactericidal test, crystal 
violet, the pure hexa-methyl pararosanilin, should be the most potent 
member of the series. On the other hand the lower and higher 
homologs of the series, tri-methyl and hepta-methyl pararosanilins, 
are non-clonorchicidal, while the latter is definitely responsible for 
fatal disturbances of the central nervous system. The structural 
formulae of these dyes indicates that the compound is lethal for 
Clonorchis when there are no fewer than 4 and no more than 6 
methyl groups. Apparently the potency is as great with 4 as with 
5 or 6 such substitutions. 
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Ineffectiveness of Radiant Energy on Hemorrhagic Anemia in 
Dogs.* 


HENRY LAURENS anp H. S. MAYERSON. 


From the Laboratory of Physiology, School of Medicine, Tulane University of 
Louisiana, New Orleans. 


Twenty white animals in which the Hb level had been reduced by 
3 or 4 successive hemorrhages, at from 2 to 3 days intervals to 
between 35 and 50%, were fed the standard Whipple (salmon 
bread) diet and irradiated with the flaming C (‘‘Pan Ray’’) arc. 
The interval between successive exposures, as well as their number 
and intensity, was varied in different experiments and in successive 
periods of the same experiment. The efficacy of the experimental 
procedure in effecting regeneration was measured by the amount of 
Hb which had to be removed during the experimental period, as 
compared with that removed during earlier and later control periods, 
in order to keep the Hb at the chosen reduced level. 

Such irradiation produces a marked increase in the number ot 
erythrocytes which progressively decrease in size but maintain a 
normal saturation, as was earlier reported for “normal” animals. 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
Tulane University. 
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The eventual decrease in red cell number during the later part of 
the post-irradiation period is accompanied by a reciprocal increase 
in the size. A pronounced increase in the percentage of reticulo- 
cytes usually precedes that of the total red count. In 5 experiments 
the reticulocyte percentage is double, or more than double, that pre- 
ceding irradiation. Massive exposures (75 to 133 g. cal. per sq. cm.) 
given at long intervals are usually more effective than are smaller 
doses repeated more often. 

An increase in Hb was noted in only one experiment. In 11 cases 
the amount of Hb formed during and immediately following the 
irradiation period was less than in previous or later control periods. 
In the remaining 8 cases there was no effect. It is to be emphasized 
that dried peaches, apricots, or lettuce added to the diet of animals 
which had shown no response to radiation produce their typical in- 
fluence, although the accelerated Hb regeneration produced by 
adding these substances to the standard diet was not demonstrably 
influenced by any dosage of radiant energy. It is further of interest 
that the changes in reticulocytes and erythrocytes which character- 
istically follow flaming C arc irradiation of dogs on the standard 
bread diet are now absent. Irradiation of 6 dogs with the quartz 
Hg vapor are (Cooper-Hewitt) gave similar results. 
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Ineffectiveness of Radiant Energy on Anemia in White Rats.* 


PAUL C. FOSTER. (Introduced by Henry Laurens.) 


From the Laboratory of Physiology, School of Medicine, Tulane University of 
Louisiana, New Orleans. 


Young rats placed on a milk diet (12% solution of Klim in dis- 
tilled water) at about 21 days of age, grow about as well as rats 
do on the stock, Sherman B, diet and exhibit no evidences of avita- 
minosis. In 3 to 6 weeks the Hb falls to 4 or 5 gm. per cent, and 
the red cells to 4 or 5 million in contrast to the usual values at this 
age of 13 gm. per cent and 8 million. Control experiments indicate 
that a more severe anemia can be produced by fresh dairy milk. 
These anemic rats will not breed. Litters have been procured by 
transferring females to the stock diet and mating them with males 
that have always been on this diet. When the young are about 21 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
Tulane University 
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days old they are similarly put on the milk diet. The Hb per cent 
and the number of red celis decrease more rapidly than they did in 
the first generation. When the low levels are reached some of the 
animals die, but the majority show a tendency to a slow spontaneous 
recovery. Hb values of less than 4 gm. per cent are fatal in the 
majority of cases. 

The red cells in this type of anemia vary considerably in size and 
shape and many of them show polychromatophilia. The average 
corpuscular volume is 35 cu. microns as compared with 51 cu. mi- 
crons for the normal red cell, and the saturation is low, 30% as 
compared to 40% in the normai cell. During the spontaneous re- 
covery the stroma increases more rapidly than the Hb so that in the 
later stages the saturation is further diminished. An increased re- 
sistance of the red cells to hypotonic solutions is a striking and 
constant feature of this anemia. 

Measured doses of radiant energy from quartz mercury vapor 
and flaming C arc lamps in various quantities and with varying 
time intervals between them were administered. In some experi- 
ments the irradiation was begun as soon as the animals were placed 
on the milk diet; in others not until a severe anemia had developed. 
The following groups served as controls: irradiated rats on the stock 
diet, non-irradiated rats on the stock diet, and non-irradiated rats on 
the milk diet. The differences in Hb and in red cells in the irrad- 
iated and non-irradiated groups were small, being slightly higher in 
the irradiated groups. The irradiated animals often present a more 
healthy appearance, and any slight increase in blood levels is re- 
ferred to an improvement in the general nutritional state of the 
animal, rather than to direct action on the hemopoietic system. 
Excessive irradiation in some cases retarded growth but was not 
observed to have any detrimental effect on the blood. 
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Action of Bacteriophage upon Production of in vivo Prepared Toxic 
Substance of Bacillus Typhosus.* 


WILLIAM H. HARRIS anp OGILVIE M. LARIMORE. 
From the Department of Pathology, Tulane University School of Medicine. 


In a previous communication’ we reported the results of the inoc- 
ulation of guinea pigs with the toxic material obtained from the 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
The Tulane University. 


1 Harris, W. H., and Larimore, O. M., J. Exp. Med., 1928, xlviii, 885. 
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exudate of experimental typhoid peritonitis. The filtered toxic 
material produced lesions closely simulating those of human typhoid 
fever and the animals died after 3 or 4 inoculations. The toxic 
substance produced in this manner was found to be of rather low 
potency. Single injections of from 3 to 5 cc. failed to produce 
death although the animals became sick and showed marked reac- 
tions to the inoculations. 

It was thought that the employment of typhoid bacteriophage in 
conjunction with this im vivo method may serve the purpose of yield- 
ing a more toxic substance. It has already been shown that the ac- 
tion of bacteriophage in vitro has but little if any effect upon the 
toxicity of certain microorganisms. It. was, however, thought that 
since the toxin employed previously by us was prepared in vivo, the 
presence of this lytic agent in the field of conflict between the host 
and the invading microorganism might provoke the liberation of a 
poison of more highly toxic nature. 

Forty white mice and 24 guinea pigs were employed in the ex- 
periments. Typhoid culture 7D, a stock strain which had produced 
an accidental typhoid infection in one of us (Larimore) approxi- 
mately a year ago and had been recovered from the blood stream, 
was employed for the inoculation. The typhoid bacteriophage used 
consisted of 2 separate “strains” kindly sent to us by Dr. D’Herelle 
and Dr. Bronfenbrenner. 

Three sets of experiments were conducted: Series I consisted of 
the production of typhoid peritonitis in the mouse with the presence 
of varying amounts of phage introduced simultaneously with the 
infecting microorganism. The exudate was procured and filtered 
and this filtrate inoculated intraperitoneally into the other mice. 
Control animals in which no phage was introduced were run parallel 
and the filtered exudate injected intraperitoneally into other mice in 
similar doses to the previous animals. While the animals became 
sick they did not die from the single injection. 

In Series II, guinea pigs were inoculated intraperitoneally with 
doses of 2, 3, 4 and 5 cc. of typhoid culture 7D and varying amounts 
of the bacteriophage were introduced one hour before, simultaneous- 
ly and one hour after the infecting typhoid injection. Control ani- 
mals without phage were employed. From these animals, dead of 
typhoid peritonitis, the peritoneal exudate was procured and filtered. 
These filtrates were inoculated intraperitoneally in amounts varying 
from 1 to 5 cc. In 4 of the animals in which phage had been used 
in the production of toxin, marked toxic effect as shown by twitch- 
ings and transient partial paralysis of the posterior extremities were 
noted. These effects were transient and the animals recovered over 
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night. The remaining animals including the controls showed los» 
of activity and were manifestly sick but were lively after 24 hours 

In Series III, guinea pigs were inoculated in a similar manner as 
in Series II but the recovered filtrate material was inoculated into 
white mice. In this manner comparatively large doses could be 
used for a very small animal but the results obtained did not indi- 
cate any difference in degree of potency of toxin in the exudate 
procured from animals with and without phage. 

A group of animals, both white mice and guinea pigs, were 1n- 
oculated with fatal doses of typhoid suspension and another group 
with phaged doses of typhoid bacilli. In these animals no differ- 
ences in the period of time of death production was noted. It should 
be stated that the phaged suspension in these latter experiments was 
not filtered, whereas, in the other 3 series of experiments the bac- 
teriophage employed was always filtered and tested for sterility be- 
fore it was employed. 

These experiments indicate that the employment of typhoid bac- 
teriophage in conjunction with our previously reported process, has 
no significant effect upon the potency of toxic substance procured 
from the typhoid bacillus through this means. 
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Action of Bacteriophage in Experimental Typhoid Peritonitis. * 


O. M. LARIMORE anv W. H. HARRIS. 
Irom the Department of Pathology, Tulane University School of Medicine. 


While engaged in certain other experimental work, we had the op- 
portunity to observe the effect of Bacillus typhosus bacteriophage up- 
on peritonitis produced in guinea pigs and white mice, by means of 
the intraperitoneal injection of Bacillus typhosus. In view of the ap- 
parent possibilities of bacteriophage therapy, it was thought that 
the observations herein noted in the experimental animals, should 
be recorded. 

A race of bacteriophage virulent for Bacillus typhosus was used, 
which was isolated and kindly furnished us by Professor D’Herelle 
and which in his hands had been found potent or virulent for severai 
heterologous strains of typhoid bacilli. 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
The Tulane University, 


BACTERIOPHAGE IN EXPERIMENTAL TYPHOID PERITONITIS 755 


The same strain of Bacillus typhosus was used as is described by 
us in the accompanying article. 

At no time were we able to prevent the occurrence of secondary 
cultures at the end of from 48 hours to 4 or 5 days. A test of the 
virulence of secondary cultures was made by employing the last 
tube in a series of 12 dilutions, in which recurrent growth had oc- 
curred after lysis had been apparently complete for 5 days. The 
contents of this tube, at that time, when inoculated intraperitoneally, 
killed a full grown guinea pig in the same number of hours as did 
the suspension of the living organisms, used as a control. 

To obviate the confusion resulting from the employment of such 
a phage, all bacteriophage was filtered, tested for sterility and path- 
ogenicity, before inoculation. 

The animals used consisted of 36 guinea pigs, and as many white 
mice. 

The first series of experiments were performed to ascertain 
whether or not the iz vivo presence of typhosus bacteriophage might 
prevent the formation of peritonitis. Four guinea pigs were given. 
intraperitoneally, 2, 3, 4, and 5 cc., respectively, of a salt solution 
suspension of a young culture of Bacillus typhosus and simul- 
taneously there was administered, by the same route, 5 cc. of Bacil- 
lus typhosus bacteriophage, potency of 10-9, in ordinary bouillon of 
pH 7.6. A control pig receiving 5 cc. of the culture alone died in 
7 hours and another receiving 2 cc. of culture alone died in 24 hours. 
The treated pigs in this group remained alive and healthy. 

We repeated this experiment under as nearly identical circum- 
stances as possible to determine whether this apparent protection 
was constant. Ten guinea pigs were treated as follows: 6 guinea 
pigs were inoculated in the same manner as in the first group, with 
similar controls. In addition 2 pigs were given 5 cc. and 2 cc. ot 
the microorganism plus a simultaneous intraperitoneal injection of 
ordinary nutrient bouillon, and 2 others, the living microorganism 
plus 5 cc. of the same culture killed by heat. The apparent protec- 
tion obtained in the first group was not confirmed, the animals dying 
the following day and in the same number of hours as did the cul- 
ture controls, including the 2 animals which received the killed cul- 
ture of Bacillus typhosus. Only the 2 receiving the live microor- 
ganisms and simultaneously the nutrient bouillon, remained alive 
and well. 

In the next series of 8 pigs, 4 were injected with 5 cc. (lethal 
dose) of a salt solution suspension of young living typhoid bacilli 
intraperitoneally, and 4 with the microorganism plus typhoid bacii- 
lus bacteriophage (5 cc.). All of the animals died in approximately 
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12 hours. The peritoneal exudate present in the peritonitis of the 
animals that received only the suspension of typhoid bacilli was 
scanty in amount, highly albuminous, and contained myriads of 
non-motile bacilli and but few cells; whereas in the pigs inoculated 
with both bacilli and phage the exudate was copious, serosanguinous 
in character and contained fewer bacilli but these bacilli were very 
actively motile. 

In order to compare more definitely the relative numbers of liv- 
ing bacteria present in the peritoneal exudate of the animals which 
had received phage with those inoculated with typhoid culture 
alone, the respective materials from each group were plated. The 
pure materials and dilutions of 1-10, 1-100 and 1-1000 were used. 
A very heavy growth was obtained for all plates but the exudate in 
which phage had been used showed a distinctly greater number ot 
colonies. It is apparent that many of the bacilli noted by smears 
and hanging drop in the exudate of the pigs receiving culture alone, 
were dead. No evidences of lysis or increased phagocytic activity 
could be detected as the result of the use of bacteriophage. 

In another group of animals, the phage was administered an hour 
before, simultaneously, and an hour following the introduction of the 
microorganisms. In addition certain animals injected with typhoid 
bacilli in suspension, were given repeated large doses of bacterio- 
phage at hourly intervals for several hours. The results presented 
no distinctive differences between the control and treated animals. 
No evidences of protection or amelioration of the infection were ob- 
served in the animals receiving bacteriophage. 

Similar experiments were also performed upon white mice. It 
was thought that since the lethal dose for the animals would ap- 
proach more closely the direct quantitative relationship to the num- 
ber of microorganisms susceptible to lysis im vitro, greater protec- 
tion might be procured. 

The procedure employed was, in general, the same as that for the 
guinea pigs with the exception of the smaller dosages. It was found 
that an injection of 0.1 cc. of the same suspension used for the pigs, 
proved fatal to the mice in from 7 to 8 hours. The results obtained 
in the mice were the same as those in the guinea pigs. 

In these experiments, it is evident that the employment of Bacilius 
typhosus bacteriophage by this method, played no important réle in 
the prophylaxis, production, or therapeusis of experimental typhoid 
peritonitis in either guinea pigs or white mice. 
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Effect of Carbon Arc Radiation on Resistance of Rachitic Rats 
to Tetanus Toxin. * 


S. N. BLAGKBERG. (Introduced by J. T. Halsey.) 


From the Department of Pharmacology, Tulane University School of Medicine. 


That sunlight increases the resistance of rachitic rats to specific 
infections has been shown.’ ? In view of the known variations, 
daily and seasonal, in solar energy, it seemed desirable to study the 
effects of a more constant source of radiant energy. 

The flaming C arc (Pan Ray), which has been used in this work 
when operated at 25-28 A, 55-60 V emits a total energy of 0.797 g. 
‘cal. per sq. cm. per minute incident at a distance of 1 meter, which 
is distributed as follows: ultraviolet 12, luminous 35, and infra-red 
53%.” 

The animals used were albino rats of the uniform Wistar Insti- 
tute strain. The members of the different litters were evenly dis- 
tributed among the test and control groups. All the animals received 
the same rachitogenic diet (McCollum 3143) for 50 days. During 
this period, Groups I, III and 1V were irradiated daily for 20 min- 
utes at 1 meter distance, thus receiving 16 g. cal. per sq. cm. This 
amount of radiation was sufficient to prevent the development of 
rickets in rats receiving the rachitogenic diet. After 50 consecu- 
tive irradiations the animals were skiagraphed to determine that 
there were no rachitic bone lesions, and were then injected with 
varying amounts of tetanus toxin (Table I). Control groups II 
and V received similar injections of toxin but were not irradiated. 
Roentgenograms of these rats showed marked rachitic lesions. 

The toxin solutions were injected into the muscles of the thigh 
and were always freshly prepared from a stock of dried tetanus 
toxin. It is shown in Table I that the resistance to tetanus-toxin 
of the irradiated rats was much greater than that of the non-irra- 
diated controls. 

Observations on work being performed in this laboratory, al- 
though not final, suggest that C arc irradiation for 20 minutes daily 
at 1 meter, increases the susceptibility of normal rats to tetanus 
toxin. 


*T wish to express my gratitude to Professor Henry Laurens for his helpful 
suggestions and for the use of the are. 

1 Robertson, E., Can. Med. Assn. J., 1927, xvii, 10338. 

2 Brown and Tisdall, Can. Med. Assn. J., 1927, xvii, 1425. 

2 Laurens, H., and Mayerson, H. S., Radiology, 1929, xii, 328. 


758 ScIENTIFIC PROCEEDINGS 


TABLE I. 
Irradia- | Tetanus 
Wt. tion | Rachito-| Toxin 
Rat gm. 20 min.| genie | mg. per Remarks. 
1 meter Diet 100 gm. 
Rat. 
1-341 54-90 | 50 days| 50 days| .005 Slight local tetanus. Recovery. 
1-342 60-98 ied ais oy 01 Severe local tetanus. Recovery. 
1-343 SAF |e EY 005 Slight local tetanus. Recovery 
1-344 GO2707>|teea aes lee sat 01 Severe local tetanus. Recovery. 
1-345 26-44 Fee ere 02 Died—5 days after injection. 
11-346 44- 0 Died. Severe rickets. 
I1-347 48-80 0 A eed .0005 |Normal. 
11-348 | 48-78 0 SS .001  |Died—4 days after injection. 
11-349 28-56 0 Lapel 01 Died—3 days after injection. 
II-350 26-60 0 than ies 005 Died—3 days after injection. 
111-361 56-80 | 50 days} ’? 7? .02 Died—5 days after injection. 
III-362 62-04 eae BI DE 01 Local tetanus. Recovery. 
III-363 4S Gurl aauenee ay ere .005  |Local tetanus. Recovery. 
TII-364 50749 ees eee Ree .001 |Slight local tetanus. Recovery. 
. I1I-365 60-96 | 7? 7 eee .0005 |Normal. 
IV-371 F482 line TE .02 Died—3 days after injection. 
IV-372 AS:69% | 22 pes ELD os! 01 Local tetanus. Died 11 days 
after injection. 
IV-373 5OER a al ce ae BY ge! .008  |Loeal tetanus. Recovery. 
IV-374 GOSS 22 Boi? .001  |Very slight local tetanus. Re- 
covery. 
TV-375 56-86 aN ee? CaNEY: .0008 |Normal. 
V-366 64-94 0 eee Me -02 Died—3 days after injection. 
V-367 62-89 0 a eit 01 Died—4 days after injection. 
V-368 50-77 0 ss Makes -005 Died—3 days after injection. 
V-369 70-98 0 ae 001 Severe local tetanus. De- 
stroyed on 25th day. 
V-370 68-96 0 soe .0008 |Severe local tetanus. De- 


stroyed on 25th day. 
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Radiological Study of Motility of Gastro-Intestinal Tract of 
Rachitic Rats. 


L. J. MENVILLE, 8. N. BLACKBERG anv J. N. ANE. 
(Introduced by J. H. Musser.) 


From the Department of Medicine and Department of Pharmacology, Tulane 
University. 


Although rickets is a disease primarily affecting the skeletal parts 
it nevertheless produces abnormal changes in the entire body. It is 
usually associated with muscular weakness and relaxation and since 
one of the early symptoms of rickets is constipation, the following 
experiments were planned to compare radiologically the motility of 
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the gastro-intestinal tract of rachitic rats with that of normals. 

In these experiments 40 rats were used, 20 rachitic and 20 normal. 
Many of this number had to he discarded during the work for var- 
ious reasons. The animals were from a uniform strain of Albino 
rats raised by one of us (S.N.B.) from Wistar Institute Stock. 
The litters were equally divided among the normal and rachitic 
groups. The normal groups received adequate diet. The rachitic 
groups were fed a rachitogenic diet, (McCollum 3143) until defi- 
nite rachitic bone changes were visible by means of the x-rays. 
These animals were kept in individual cages in the x-ray laboratory 
for 3 days prior to receiving the bariumized meal, in order to iet 
them become accustomed to the noises of the x-ray apparatus so 
that their motility would not be disturbed. It was shown that 
psychic influences such as fear and anger markedly retarded the 
motility of the gastro-intestinal tract. This was clearly demonstrated 
by the prolonged emptying time of the rats which were tied to 
wooden racks so as to make roentgenograms. After the rats were 
fasted for 48 hours and water withheld 24 hours they were given 
a barium meal composed of 10 gm. of barium sulphate and 10 cc. 
of buttermilk and were allowed to eat for 20 minutes, when they 
were fluoroscoped immediately in loose cotton sacks to ascertain 
whether their stomachs were full. 


TABLE I. 
| a 
Average Normals Rachitic 
BVVOs tin fea ec ce secre nec reece errerea eee a 210 gm. 115 gm. 
SWCieliteo tent O00 mentee eet eevee Serene eececees! HOnOm SIN, : 10.5 gm. 
Stomach wennph yan bm Cl ececce ee seeeeeree eee 6 hrs, 14 min, 8 hrs. 5 min. 
PAP Pea Mam Ce wit C CCUM berets. ac seceeneee er roe 3 hrs. 37 min. 2 hrs. 28 min. 
Small intestine emptying time .............-.-.- -| 10 hrs. 26 min. 12 hrs. 2 min. 
From stomach emp. time to ‘small intes- ; 
{USM eKS(S) CENATY OP uN CONS) eepcee ce earners een ose oe 4 hrs. 12 min. 4 hrs, 
@olon emp tyr gy times ececeet ee eee cece seeeeneneece’ 65 hrs. 88 hrs. 


As shown in Table I the average emptying time of the stomachs 
of the rachitic group was somewhat longer than the average of the 
normal group. The stomachs of the normal rats were all of the 
fish-hook type and hypotonic in tone, while the rachitic rats’ stom- 
achs were also of the fish-hook type but inclined to the atonic tone. 
By observing the early appearance of the food column in the cecum 
of every rachitic rat, we believe that this demonstrates an apparent 
hypermotility of the small intestine in this group. The colons of the 
rachitic group, on the other hand showed a hypomotility as evi- 
denced by the slow emptying of their colon as compared to the nor- 
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mal group. It was also observed that the colon of the rachitic 
group was of the atonic type, often markedly distended and lowly 
situated. 


4500 


Further Observations on Experimentally Produced Arteriovenous 
Aneurysm.* 


I. M. GAGE anp GEORGE HERRMANN. 


From the Department of Surgery and the Department of Medicine, Tulane 
University School of Medicine. 


Arteriovenous aneurysm studies which we have been pursuing 
have yielded findings, difficult of immediate interpretation. We 
found! the cardiac shadow uniformly enlarged on immediate post- 
operative fluoroscopic examination and confirmed this with roent- 
genograms. These dogs had been completely anesthetized with large 
doses of sodium barbital, and apparently as a result the postopera- 
tive pulse rates were slower. Later we found the heart size actually 
decreased immediately after opening of an A-V fistula. These lat- 
ter dogs had been anesthetized with ether, and their heart rates were 
high. Ten dogs submitted to general anesthesia for abdominal oper- 
ations for the production of intestinal adhesions, with gauze and 
iodine, were studied before and after the induction of anesthesia and 
operation. There was usually a decrease in the cardiac size, espec- 
ially in the region of the right ventricle. The decrease was related 
to the height of the rise in the heart rate. In a few of these dogs 
in which the heart rate remained low there was little or no decrease 
in heart size. 

In order to study the mechanism of the thrill and the effects of the 
lesions, 3 types of arteriovenous aneurysms have been produced. 
The original type I, commonly made and observed clinically, is the 
side to side anastomosis with a fistula between artery and vein. The 
second type II consisted in suturing of the proximal end of the 
artery into the side of the vein, thus adding the total arterial output 
of the specific artery to the venous return volume of the specific 
vein. The third type III was produced by suturing the proximal end 


* Aided by a grant from the David Trautman Schwartz Research Fund of 
The Tulane University. 

1 Gage, I. M., and Herrmann, George, Proc. Soc. Exp. Brot. AND Mxp., 1928, 
xxv, 765, 767. 
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of the artery to the proximal end of the vein, ligating the distal seg- 
ment of the vein as well as that of the artery. 

These types of A-V aneurysms were made in the accessible per- 
ipheral arteries, in the carotid arteries and jugular veins, femoral 
arteries and veins. The side to side anastomoses were also made 
between the aorta and the inferior vena cava. The thrill was most 
uniformly prominent and propagated most widely in the side to side 
anastomoses in the carotid-jugular fistulae and usually also fairly 
widely in the femoral fistulae. One femoral side to side anastomosis 
presented no thrill, and in this instance the affected leg became gan- 
grenous. In 3 side to side unions between the aorta and inferior 
vena cava, a thrill was never elicited immediately after the anasto- 
mosis was completed but developed later. 

A rapid oscillation of the vein segments was studied in the various 
types of A-V fistulae by placing upon the vessel segment a minute 
cone of oiled cotton drawn out at its tip to fine fibrils to act as an 
indicator. The fine vibrations were detectable along both arterial 
and venous segments. In the first type in both systole and diastole, 
in the other 2 types only in systole. Clamping the proximal vein 
caused the disappearance of the oscillatory movement in the distal 
vein, while clamping the distal vein decreased slightly, but did not 
remove the vibratory movement of the vessel wall. 

In the end to side (type II) and in the end to end (type III) an- 
astomoses, the thrill and bruit were for the most part confined to 
systole with very slight if any continuation into diastole. In some 
of the type III unions it was not detectable at all. In the type III of 
end to end anastomoses between the carotid and jugular, the col- 
lapse of the latter venous segment was noted during inspiration. 
The changes in the heart shadow, immediately and later, were not 
extensive enough to be considered definite and not at all comparable 
to those described for the other types. 

Complete pericardiectomy preceding the production of arterio- 
venous aneurysms of the various types has thus far not presented 
any evident changes in the clinical manifestation of experimental 
arteriovenous aneurysms. 
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In Vitro Cultivation of a New Spirochete From Human Source. 


JOHN A. LANFORD. (Introduced by C. W. Duval.) 
From the Department of Pathology, Tulane University School of Medicine. 


A spirochaetal organism in pure culture has been recovered from 
the pleural effusion of a human case of unresolved lobar pneumonia 
due to type I[V pneumococcus. 

The organism morphologically resembles very closely the Spiro- 
chete bronchialis of Castellani’ which has been demonstrated in hu- 
man pulmonary lesions; however, none of the workers have success- 
fully cultivated it and in practically all of the reported instances of 
this infection the spirochaete was found in the sputum. Only in 
cases reported by Mason” and Lancereaux® were spirochetes found 
in the pleural effusion and not in the pulmonary secretion. Efforts 
to cultivate the organism and to induce lesions in lower animals 
were unsuccessful. 

Morphology: This organism which from the classification of 
Noguchi might be called a spironema is variable in its morphology, 
even in material fresh from the human body. The length varies 
from 5 to 15 microns and the width from 0.2 to 0.4 micron. The 
spirals are not as acute as in Treponema pallida and there is marked 
irregularity in stained preparations characterized by the presence of 
deeply stained granules and areas faintly stained. This irregularity 
may be due to 2 things: a condensation of the chromatin with the 
appearance of small granules or to a thinning out of the cytoplasm 
preparatory to transverse division. The curves vary from 2 to 6 in 
fresh preparations and in cultures as many as 15 or more have been 
noted in a single spiral. No undulating membrane has been demon- 
strated in fresh or stained preparation. Whereas each extremity 
tapers to a point, which also varies in its acuteness, no flagella have 
been demonstrated. These spiral organisms are very motile, mov- 
ing forward and turning on the long axis. There is an undulating 
flexion of the body together with a corkscrew like movement taking 
place at the same time. In old and dying preparations the curves are 
less acute and the motility is very sluggish and at times absent. 
They divide by transverse fission. 

The organisms are stained best by the Romanowsky stains which 
bring out quite strikingly the chromatin granules, but most simple 


1 Castellani, Lancet, 1906, i, 1384; Brit. Med. J., 1909, ii, 782. 
2 Mason, Johns Hopkins Hosp. Bull., 1920, xxxi, 435. 
8 Lancereaux, Presse med., 1909, xxvii, 556. 
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stains easily demonstrate them. They are negative to Gram’s and 
non-acid fast. 

Fantham,* studying the Spiruchete bronchialis, describes a “gran- 
ule phase,” apparently a progressive concentration of the cytoplasm, 
forming chromatin bars or granules, and this concentration ulti- 
mately forms a series of coccoid bodies in the peripheral sheath of 
the organism. The sheath ruptures and sets free this coccoid body 
which elongates and small spirochetes emerge from them. I have 
not yet been able to demonstrate this phase in this particular organ- 
ism. 

, Cultivation: The organism is easily cultivated under aerobic con- 
ditions but when freshly isolated from the human case it grew more 
abundantly under partial anerobiasis. The first isolations were on 
blood agar and dextrose bouillon containing blood. Twenty-four 
hours after planting, the bouillon was cloudy and rich in actively 
motile spiral organisms. After the culture became older the organ- 
isms became longer. After several generations the organism be- 
comes viable on plain agar but loses most of its motility. On solid 
media they grow as very minute colonies even smaller than the 
colonies of the influenza bacillus. They have no demonstrable 
hemolytic action on blood agar plates but in blood dextrose bouillon 
they cause a very slight splitting of the blood cells. When planted 
on serum sugar waters there-is no gas formed in any of the cultures 
and no change demonstrated by Andrade indicator. However, using 
phenol red as an indicator, lactose, sacchrose, mannite, maltose and 
dextrine serum waters showed slightly more alkaline. Xylose and 
dextrose are not changed. 

Animal Experiments: Three guinea pigs were inoculated with 
fresh material from the human case; one intradermally, one in the 
groin and one intraperitoneally without any effect other than the 
formation of a local inflammatory mass. This mass persisted for a 
number of days and disappeared without producing any apparent 
harm. Two rabbits were injected intratracheally and into the tes- 
ticle with 1 cc. of the effusion fluid from the human case. These ant- 
mals manifested no evidences of infection and after the first inflam- 
matory reaction in the testicle lasting 6 to 7 days there was no 
demonstrable effect from the injections. Four mice were injected, 
2 subcutaneously and 2 intraperitoneally with % cc. of the fresh 
effusion without any apparent effect on the mice. 

A study of the sera of one guinea pig and 2 rabbits, 6 weeks after 
inoculation gave interesting results. The guinea pig showed no 
immune bodies, but the sera of both rabbits gave positive agglutina- 


4Fantham, Ann. Trop. Med. and Parasitol., 1915, ix, 391. 
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tion tests against the organism in dilution of 1-120 and positive 
complement fixation reactions. The serum of the patient showed 
positive agglutination in 1-120 dilution and a strongly positive 
complement fixation reaction. Sera from healthy human beings and 
also of patients giving positive Wasserman reactions showed no 
specific immune bodies. 

Neo-salvarsan, intravenously, cured the patient. 

This organism resembles the description of the Spirochete bron- 
chialis of Castellani but differs in the absence of a demonstrable 
granule phase and the ease with which it is cultivated on ordinary 
laboratory media. It differs, too, in that all the reported cases of 
the Spirochete bronchialis have been in individuals with pulmonary 
lesions opening into the bronchi. It differs very markedly from all 
of the other known varieties of spirochetes and apparently repre- 
sents a new variety which is pathogenic for man. 


Illinois Branch. 


Medical and Dental Arts Building, Chicago, May 15, 1929. 
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Influence of Various Chemical Agents on the Absorption of 
Histamine From the Intestine. 


LAMBERT F. MAMMOSER anv T. E. BOYD. 


From the Department of Physiology and Pharmacology, Loyola University 
School of Medicine, Chicago, Illinois. 


Histamine has been shown to be present in the intestinal contents 
of man and of some other mammals. In view of its powerful phar- 
macological effects, the question of its absorption has received con- 
siderable attention. It can be absorbed from the intestine of the 
cat in sufficient amounts to produce a marked lowering of blood 
pressure.. Under similar conditions, however, the blood pressure 
of the dog is not affected.* In man as much as 225 mg. has been 
taken by mouth with no noticeable effect except a moderate stimu- 
lation of gastric secretion.* It has not thus far been shown that any 
pathological condition materially affects the behavior of the intestine 
toward histamine. Previous workers have studied the effects of 
temporary interruption of the blood supply,’ of intestinal obstruc- 
tion, and of distention,* with negative or inconclusive results. 

Spadolini® treated the mucosa of the dog’s intestine with diluted 
chloroform, and observed symptoms which he attributed to an in- 
creased absorption of the products of bacterial decomposition of 
proteins. There was, however, no direct evidence of such a change 
in permeability toward any specific substance. We have studied the 
effect of chloroform, and of a number of other agents, on the ab- 
sorption of histamine. 


1 Meakins, J., and Harington, ©. R., J. Pharm. Exp. Ther., 1923, xx, 45. 
2 Koessler, K. K., and Hanke, M. T., J. Biol. Chem., 1924, lix, 889. 
3Ivy, A. C., and Javois, A. J., Am. J. Physiol., 1925, lxxi, 604. 

4 Wangensteen, O. H., and Loucks, M., Arch. Surg., 1928, xvi, 1089. 

5 Spadolini, I., Arch. fistol., 1924, xxii, 435. 
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In small dogs, under barbital anesthesia, a rubber catheter was 
passed down into the duodenum from the stomach. A ligature 
around the pylorus fixed the catheter in place and prevented regurgi- 
tation. Blood pressure, respiration, and pancreatic secretion were 
recorded. 

In control experiments, 5 mg. of histamine dichloride per kilo 
body weight was introduced into the duodenum. No change in blood 
pressure was ever produced. In another series of animals, we first 
introduced 5 to 10 cc. of chloroform, diluted with 1 to 2 volumes of 
paraffin oil. The chloroform usually caused a transient disturbance 
in the blood pressure. When recovery had occurred, and a steady 
level had been maintained for some time. the histamine was ad- 
ministered. There was a prompt and prolonged fall of pressure, 
usually with a gradual recovery, the whole effect lasting 40 minutes 
to an hour or more. 

Similar results were obtained when the following agents were 
used: 

Hydrochloric acid, 0.4%, 20 to 40 cc. carbon tetrachloride, undi- 
luted, 15 to 25 cc. Ethyl alcohol, 15 to 30% concentration, 20 to 
30 cc. When alcohol was used, we substituted ether for barbital as 
the anesthetic. ; 

Dog’s gastric juice, of free acidity equivalent to 0.4% HCl, was 
also used, in amounts of 30 cc. The subsequent introduction of 
histamine caused only a slight fall of blood pressure, the gastric 
juice appearing to be less effective than simple water solution of HCl. 

Sodium fluoride, in 1% solution, gave negative results. In 
stronger concentrations the fluoride itself produced a gradual fall of 
blood pressure, which was only slightly accelerated by the adminis- 
tration of histamine. 

Some experiments were also carried out on the colon. When 
histamine was introduced alone, there was no effect on blood pres- 
sure. When it was preceded by alcohol or 0.4 HCl, it produced a 
marked fall. The other substances were not tried. 

The respiratory effects were variable, and there was never a 
stimulation of pancreatic secretion. 

Koessler and Hanke’ found that histamine disappears from the 
normal dog’s intestines at a rate which would be sufficient, if all 
passed unchanged into the circulation, to produce demonstrable ef- 
fects. They conclude that it is “rendered pharmacologically inert 
in its passage through the intestinal wall.” It seems possible that 
the influence of chloroform, alcohol or HCl may be to interfere with 
this detoxifying process, rather than directly to facilitate absorption. 


Gaal 
9 kilo dog, barbital anesthesia. Showing the effect of 50 mg. histamine in the 
duodenum. 10 cc. of chloroform in 10 ce. paraffin oil had been introduced 48 
minutes previously. Time tracing in minutes. Respiration (above) and carotid 
blood pressure (below). 


Fig. 2. 


5.2 kilo dog, ether anesthesia. Effect of 55 mg. histamine (ergamine acid phos- 
phate) in colon. 20 ce. of 30 per cent alcohol had been introduced 20 minntes 
previously. Respiration (above) and carotid blood pressure (below). Time, 
minutes. 
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Absorption of Histamine From the Intestine of the Parathyroid- 
ectomized Dog. 


R. W..ALBI anp T. BE. BOYD. 


From the Department of Physiology and Pharmacology, Loyola University Schoot 
of Medicine, Chicago, Illinors. 


In 1912 Carlson! described pathological changes in the stomach 
and upper intestine in dogs which had died as a result of parathy- 
roidectomy. Spadolini? has made similar observations, and holds 
that the condition involves an increased permeability of the intes- 
tinal mucosa. He believes that the syndrome which follows loss of 
the parathyroids may be due, at least in part, to increased absorption 
of toxic substances produced by proteolytic bacteria. Condorelli* 
has also found changes in the intestinal mucosa following parathy- 
roidectomy, although he does not agree with Spadolini as to their 
significance. 

There is no direct evidence, so far as we know, that loss of the 
parathyroids facilitates the absorption of any specific substance 
from the intestine. Histamine is produced there by proteolytic bac- 
teria, and its toxic properties are well known. As shown in the 
accompanying paper, the mucosa may be rendered permeable to it by 
relatively mild chemical agents. It seemed possible that a similar 
change in permeability might occur after loss of the parathyroids, 
in view of the extensive damage to the mucosa which has been de- 
scribed. If so, some support would be given to the toxemia theory 
of Spadolini. 

Experiments were carried out on 8 dogs, each being used 6 to 8 
days after removal of the parathyroids and thyroids. All of the 
series had shown repeated attacks of tetany. Four additional ani- 
mals were operated on. Two of these never developed symptoms 
and were discarded. Two others died under anesthesia before the 
experiment was completed. 

Sodium barbital was the anesthetic employed. With arterial 
blood pressure and respiration being recorded, ergamine acid phos- 
phate (Burroughs, Wellcome) was introduced into the duodenum, 
through a tube arranged as’ described in the accompanying paper. 
The dosage was 10 mg. per kilo body weight. 


1 Carlson, A. J., Am. J. Physiol., 1912, xxx, 338. 
2 Spadolini, I., Arch. di fistol., 1927, xxv, 739. 
* Condorelli, Luigi, Boll. d. soc. ital. di biol. sper., 1927, ii, 646. 
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In no instance was the blood pressure affected. The results were 
entirely negative, as with the controls. Koessler and Hanke* ob- 
tained similar negative results with normal dogs. 

Of the 10 animals which had been in tetany, 9 showed no gross 
changes in the gastro-intestinal tract. The tenth showed a few 
slightly hyperemic areas in the duodenal mucosa. Microscopic ex- 
amination was not made. The discrepancy between these findings 
and those cited above may be due to (1) the fact that our animals 
were killed under anesthesia before the tetany had run its full 
course, or (2) to the diet we gave, which was of milk and white 
bread. 

The experiments show, however, that repeated and severe at- 
tacks of tetany may occur in the absence of any demonstrable change 
in permeability of the intestinal mucosa, at least toward histamine. 
It is still possible, of course, that the absorption of other substances 
may he affected. 


4504 


Action of Insulin on the Gastric Motility of Man. 


J. P. QUIGLEY. (Introduced by A. J. Carlson.) 
From the Department of Physiology of the University of Chicago. 


Using the triple balloon technique it has been demonstrated that: 

1. Subcutaneous injection of insulin in amounts of 12-20 units 
usually produces in normal human subjects fasting 11-44 hours an 
increase in gastric motility. 

2. The essential features of this response are (a) an increase in 
gastric tone, (b) type A contractions, (c) a very prolonged hunger 
period. 

3. The gastric hypermotility induced by insulin is not inhibited 
by smoking, mild nausea, unpleasant emotions, body discomfort, 
sight or thought of food, extraneous disturbances, swallowing or 
the presence of indifferent substances or food in the mouth or in 
the stomach. 

4. The gastric motility is inhibited by introduction of dextrose 
or cane sugar into the duodenum, and also by the subcutaneous in- 
jection of atropine or epinephrine. 

4 Koessler, K. K., and Hanke, M. T., J. Biol. Chem., 1924, lix, 889. 
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5. “Insulin sensations,” especially hunger, parallel rather closely 
the degree of gastric activity. 

6. Under the experimental conditions described antiperistaltic 
movements in the stomach were not associated with sensations of 
nausea. 


4505 


Motor and Secretory Activity of the Stomach During Acute and 
Chronic Obstructive Jaundice in Dogs. 


KATHLEEN SULLIVAN STILL. (Introduced by A. J. Carlson.) 
From the Hull Physiological Laboratory of the University of Chicago. 


This work was done in an attempt to segregate the possible role 
of impaired gastric functions in jaundice. 

The effect of acute and chronic obstructive jaundice on the hun- 
ger contractions of the empty stomach were studied by the balloon 
method 18 hours after a standard meal. The effects on the secre- 
tory functions of the stomach were studied by means of Pavlov 
pouch dogs. In some animals 100 gm. of hamburger was the test 
meal, in others 1 mg. of histamine, injected subcutaneously, was the 
stimulus. 

Acute jaundice was produced by intravenous injection of 4% to % 
cc. of bile per kilo of body weight. These experiments were con- 
trolled by injection of 0.9% NaCl solution, which had no effect. 

Similar studies were made on chronic obstructive jaundice after 
appropriate control studies. Obstructive jaundice was produced 
by double ligation and section of the common bile duct. 

Summary: 1, Intravenous injection of % to % cc. of bladder 
bile per kilo of body weight in dogs causes an immediate but tem- 
porary inhibition of gastric motility (hunger), and greatly dimin- 
ishes the gastric secretion following a test meal. The inhibitory ef- 
fect upon gastric secretion is more prolonged than upon gastric 
motility. 

2. Chronic obstructive jaundice is followed by a decrease of the 
motor activity of the empty stomach, a decreased rate of gastric 
juice secretion, and an increased acidity of the gastric juice. 
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Fractionation of Pollen Proteins and Their Skin Reactions on 
Sensitive Individuals. 


B. Z. RAPPAPORT anp C. A. JOHNSON.* (Introduced by Wm. H. Welker.) 


From the Laboratory of Physiological Chemistry and the Department of Pathology 
of the College of Medicine, University of Illinois. 


Dunbar* showed that hayfever was caused by sensitiveness to 
the proteins of pollen. We are attacking the problem on the fol- 
lowing assumption: (1) That hayfever is due to sensitivity of an in- 
dividual to one or more proteins of pollen. (2) That this sensitivity 
is due only to substances of protein nature (we are aware that evi- 
dence has been presented that sensitivity may be due to non-protein 
substances. (3) That the isolation of the offending protein or pro- 
teins in pure form should be the ideal therapeutic agent. Our pres- 
ent paper is concerned only with the separation of the proteins of 
giant (Ambrosia trifida) and common (Ambrosia elatior) ragweed 
pollen, and the results of skin reactions of the proteins obtained on 
sensitive individuals. 

Twenty-eight gm. of pollen was exhaustively extracted in a ball- 
mill with the following solvents in the order indicated: Distilled 
water, 5% NaCl, 1% NaF, 0.25% Na2COs, and 0.1% HCl. It was 
determined clinically that water extracted practically all of the 
active substances. Hence, our interest is mainly in the water solu- 
ble proteins. 

To a solution of the water soluble proteins an equal volume of a 
saturated solution of ammonium sulphate was added. The precipi- 
tated proteins were filtered off, dissolved in water, and reprecipitated 
from the water solution 3 times by adding an equal volume of am- 
monium sulphate as indicated, finally the proteins were dissolved in 
water and dialyzed free from salt. The proteins which precipitated 
between these concentration limits with ammonium sulphate are the 
globulins. The filtrate from the above fraction was raised to 64% 
by adding saturated ammonium sulphate. The proteins which were 
precipitated between these limits were reprecipitated 3 times, finally 
dissolved in water and dialyzed the same as the previous fraction. 
The proteins of this fraction are no doubt a mixture of globulins 
and albumins. The filtrate from the above fraction was completely 
saturated with ammonium sulphate and the precipitated proteins of 


* Lilly Research Fellow in Physiological Chemistry. 
1 Dunbar, Berlin klin. Wehnschr., 1903, 24 and 26. 
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this fraction, precipitating above 64% saturation with ammonium 
sulphate, are predominantly of the albumin type. 

The subjects used for the experiment were consecutive cases giv- 
ing a history of autumnal hayfever and showing a skin reaction to 
solutions of ragweed pollens. After the first few cases the tests 
were limited to 6 solutions of the water soluble proteins, the albu- 
min, globulins and the protein precipitated at 50-64% of ammonium 
sulphate from the giant and common ragweeds. Each of these solu- 
tions was used in a concentration of 0.0025% nitrogen. A drop of 
the material placed on the volar surface of the forearm was stabbed 
into the superficial layers of the skin with a sharp, specially designed 
instrument making a 1 mm. cut not deep enough to produce bleed- 
ing. Care was taken to prevent contamination of each drop with 
the material preceding it. The reactions to the different protein 
solutions were classified in pluses in each individual by measuring 
the size of the wheal, the presence or absence of pseudopods, the 
elevation, and the extent of the erythema produced. The strongest 
reaction was marked a 4+, and the others graded in proportion. 

The 40 cases divided themselves into 2 distinct groups, 20 being 
present in each group. The individuals of one group were sensitive 
to the protein of the common ragweed only, those of the other to the 
proteins of both weeds. 

In the group sensitive only to the common ragweed the reaction 
was distinctly limited to the globulins only, a slight reaction being 
present in the 50-64% fraction, and no reaction in the albumin frac- 
tion. 

In the group sensitive to both weeds the reaction was less lim- 
ited. The skin sensitivity to the common ragweed in this group of 
cases again was most marked to the globulins, where invariably the 
reaction was classified as a 4+, and a 2+ to the albumin as well as 
to the 50-64% fraction of the common ragweed. The reaction to 
the protein of the giant ragweed given by this group was almost 
completely limited to the albumin fraction, very little reaction being 
present to any of the other proteins of the giant ragweed. 

The limited amount of pollen material available for this prelim- 
inary work compelled the use of solutions of a 0.0025% N concen- 
tration limited to the technique described. This permits the conclu- 
sion that there are 2 groups of cases sensitive to the ragweed pollens. 
The difference may be only relative, one group being more sensitive 
than the other. More concentrated protein solutions and possibly 


the use of intradermal technique on some cases will be used to clari- 
fy this question. 
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Efficiency and Advantages of Calcium Gluconate as a Therapeutic 
Agent. * 


STANISLAUS A. SZUREK. (Introduced by A. B. Luckhardt.) 


From the Physiological Laboralory of the University of Chicago. 


Until a few years ago the progress of calcium therapy was ser- 
iously hindered by the physical and pharmacological properties of 
practically all calcium salts. Many are hygroscopic; practically all 
are nauseatingly salty-bitter to the taste; many are not well borne by 
the gastro-intestinal tract; and when their solutions are placed under 
the skin, severe, local, inflammatory reactions, leading even to actual 
necrosis, almost invariably follow. 

Recently there has appeared ‘Calcium-Sandoz,” a calcium salt 
of gluconic acid—an oxidation product of glucose. This prepara- 
tion is tasteless, soluble in water to the extent of 3% at room tem- 
perature; at higher temperatures it is 20-30% soluble. It contains 
13% CaO, or 9.3% Ca. Physiologically and pharmacologically it 
has been found equivalent to CaCl, in equimolecular concentrations. 
Its medium lethal dose for mice and rabbits is much less than that 
of the chloride, the mannitol sulfate, and the mixture of the chloride 
and urea. When injected intra- or subcutaneously, or intramuscu- 
larly it causes no such severe local reactions as do the other cal- 
cium preparations just mentioned.’ Clinically, subcutaneous and 
intramuscular injections are reported as relatively painless and fol- 
lowed by no local reactions. It has been used in the treatment of 
bronchial asthma, spasmophilia, pruritus, urticaria, mild tuberculo- 
BIsmercn? is 

These reports suggested testing calcium gluconate for preserving 
the lives of completely parathyroidectomized dogs, and comparing it 
with calcium lactate for local irritant effects. For the first purpose 
9 dogs were thyroparathyroidectomized. Immediately after the op- 
eration calcium gluconate was administered according to the method 
of Luckhardt and Goldberg’ except that instead of giving orally 


* IT wish to take this opportunity to thank Dr. A H. Luckhardt for the many 
valuable directions and suggestions given during the course of this work. 

1 Rothlin, Schw. Med. Woch., 1927, 17. 

2 Kottmann, Schw. Med. Woch., 1927, 18. 

2 Zimmerman, Aertzl. Rundschau, 1928, 7. 

4 Schaffler, Deutsche Med. Woch., 1927, 42. 

5 Luckhardt and Goldberg, J. Am. Med. Assn., Ixxx, 79. See also Compere and 
Luckhardt, Proc. Soc. Exp. Bion. AnD Mep., 1924, xxi, 526. 
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Pig 1. One ce. of calcium gluconate 10% (Sandoz) injected under the skin on 
the right side, and one ce. of calcium lactate 5%, on the left side 6 days before 
the photograph was taken. The solutions were sterile and aseptically administered. 


1.5 g. per kg. per day, which is the calcium lactate dosage used by 
these authors, an equimolecular dose, 7. ¢., 3 g. per kg. per day, given 
in 3 doses, of the gluconate was found necessary to keep the animals 
free from tetany. Four to 6 days after the operation the animals 
were then tested for parathyroid deficiency by withholding the cal- 
cium gluconate until marked signs of parathyroid tetany ensued. 
Calcium gluconate injected intravenously (10 cc. of 10% solution) 


CALCIUM GLUCONATE Ff5 


almost invariably controlled the attack within 5-15 minutes and 
sometimes sooner. , 

Of the 9 animals 2 died of an accident while the stomach tube 
was being passed, one lived 11, the other 4 days after the operation; 
a third died after 13 days from a severe attack of distemper; a 
fourth was found dead on the fourth day with signs of acute tetany, 
while being tested, by withholding the calcium, for parathyroid de- 
ficiency. Of the remaining five, 2 are still living, now in the latent 
stage of tetany for more than 4 months. The other 3 lived for 
more than 50 days after operation, 7. e., all had survived the acute 
stage for 15-30 days and were no longer regularly medicated. They 
succumbed to acute attacks of tetany, which killed the animals in the 
absence of the writer. All showed a very marked diarrhea which 
was only partly controlled by substituting part of the gluconate by 
CaCO. : 

In order to compare the local irritating effects of calcium gluco- 
nate with that of calcium lactate an experiment was devised which 
we thought somewhat better controlled than those of Rothlin’ for a 
similar purpose. Eight guinea pigs were given aseptically subcu- 
taneous injections in equal amounts of equimolecular sterile solu- 
tions of calcium gluconate and calcium lactate. The sites of injec- 
tion varied in the different animals but each animal received both 
salts, one on each of the corresponding sides of the body. The 
doses injected in the various animals varied from 1 to 3 cc. Two 
additional pigs were similarly treated except that the salts were ad- 
ministered intramuscularly. One of these was found dead 2 days 
after the injections. In all of the remaining 9 except one, the site 
of the injection of the lactate showed within 24-48 hours marked 
induration, followed, in a few days, by severe ulceration. In all of 
these 8 animals the site of injection of the gluconate showed very 
little if any discoloration, and never any induration or inflamma- 
tion. The one exception made to the 9 above was injected under the 
skin of the lateral walls of the thorax, and there appeared no reac- 
tion at either site of the injection, but a very large area of severe 
necrosis and ulceration of the whole ventral surface of the thorax 
and upper abdomen. Apparently the calcium lactate had gravitated 
promptly to the most dependent portion and produced its necrosis at 
that place. 

Conclusions: 1. Since on the basis of the experience of many in- 
vestigators of parathyroid tetany it is possible to state that the 
average period of survival of complete parathyroidectomy in dogs 
is about 3-5 days, we feel justified in concluding that calcium gluco- 
nate (Sandoz) is fully as efficient in preserving the lives of com- 
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pletely parathyroidectomized dogs, in equimolecular doses, as 18 
calcium lactate. 2. In comparing the experience of investigators 
using calcium lactate for the control of tetany with ours, it seems 
warranted to state that calcium gluconate in the doses administered 
appears to have a more marked tendency to produce a severe diarr- 
hea in parathyroidectomized dogs than does calcium lactate. This 
effect may offset the advantage of tastelessness as compared with 
bitter calcium lactate. 3. We are able to confirm the finding of Roth- 
lin, and others that calcium gluconate is practically non-irritating 
when administered subcutaneously and intramuscularly, whereas 
calcium lactate in equivalent equimolecular doses similarly adminis- 
tered to the very same animal causes severe inflammation and 
necrosis. 


4508 


Cutaneous Maximous Reflex in Experimental Hypothyroidism. 


M. M. KUNDE* ann MARY NEVILLE. 


From the Hull Physiological Laboratory of the University of Chicago. 


In the normal rabbit, light tactile stimuli applied to the dorsum, 
causes a marked reflex contraction of the cutaneous maximous 
muscle. This response is especially marked if the stimulus is applied 
near the tail. In the cretin this reflex completely disappears but can 
again be elicited if the rabbit is treated with thyroid substance. The 
disappearance of this reflex is a reliable sign of cretinic degeneration. 


4509 


Changes of Structure and Lipin Content of Central Nervous 
System in Ether Anesthesia. 
ARTHUR WEIL. (Introduced by L. W. Ranson.) 


From the Institute of Neurology, Northwestern University Medical School. 


The present investigation is part of a study of the reaction of the 
myelin sheaths of the nerve fibers under different pathological con- 
ditions. In order to avoid the criticism brought forward against 


* Douglas Smith Fellow. 


Nervous SySTEM IN ETHER ANESTHESIA Tit 


histological changes described in earlier publications,’ material from 
normal animals and those which had been under ether narcosis was 
fixed, embedded and cut jointly, and sections of both were mounted 
and stained on the same slide. Changes in the arrangement of the 
Nissl bodies of anterior horn cells of the spinal cord could be noticed 
after 2 hours of narcosis The bodies seemed to be broken into 
finer particles and compared with normal cells the design was more 
diffuse. The myelin sheaths in sections through the spinal cord and 
its roots (light-green-fuchsin and hematoxylin-iron stains) were 
distended and thinned out as by compression. The axis cylinders 
seemed to be compressed by the same fluid which distended the 
myelin sheaths. 

For the study of the lipins a suggestion of Maclean? was trans- 
ferred into practical application. The method gave workable results. 
It could be demonstrated that the acetone soluble substances increase 
considerably during narcosis, relatively more in the white matter 
than in the gray. This would be in accordance with the finding of 
lipemia in the blood during narcosis (Reicher*). At the same time 
the alcohol soluble part was diminished, most in the gray; less in the 
white matter and in the spinal cord. The substances which can be 
precipitated from the alcohol extract by acetone (raw lipins) were 
diminished most in the gray, less in the white, and no changes oc- 
curred in the spinal cord. Similar changes were also found in cor- 

TABLE I. 


Distribution of the different extracts in % of the dry substance. 
N = normal animals. E—after ether narcosis from 3 to 5 hours. 


5 normal and 5 ether dogs 8 normal, 4 ether cats 
Gray White Spin. Cord Brain Spin. Cord 
N £ N E Nie N E Nie 
Water 78.9 78.8 70.4 69.4 67.4 68.0 75.2 77.9 67.8 69.7 


I Acetone extract 13.3 15.3 13.3 182 16.6 18.1 10.0 12.9 17.3 20.2 
II Alcohol extract 37.1 32.8 53.4 48.6 57.8 55.8 45.5 39.9 55.3 53.2 
Total extract 50.4 48.1 66.7 66.8 74.4 73.9 55.5 528 72.6 73.4 
Precipitate 15.9 12.9 282 242 31.3 30.5 18.0 17.4 28.0 25.7 
III Alcohol soluble ail Bio ORE thet ORD ORE j = 
IV Ether soluble He Leia 10 2NnSISke TIS RS Gime a tee! 
V Pyridine insoluble 2.9 2.1 46 3.2 53 3.6) 1 61 10.4 9.0 
VI Pyridine soluble Ps CLr ET es ee Gre oe = 
Rest of extracts 49.6 51.9 33.3 33.2 25.4 26.1 44.5 47.2 27.4 26.6 


According to H. and I. Maclean? the distribution of the different soluble sub- 
stances is the following: I — cholesterol and neutral fats. II = rest of choles- 
terol and neutral fats with total lipins. The acetone precipitate of the alcohol 
extract contains the raw lipins. III =—lecithin mainly. IV = kephalir.. 
V = sphingomyelin mainly. VI = galactolipins mainly. 


2 Maclean, Hugh and Ida, Lecithin and allied substances, 2nd edition, New 


York, 1927, pp. 12-13. 
3 Reicher, K., Z. f. klin. Med., 1908, lxv, 233. 
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responding phosphorus analyses. The deviations from the normal 
values increased with the time of the anesthesia. 

Experimental evidence has been established that metabolic 
changes are 2 to 3 times as intensive in the gray substance as they 
are in the white. The pathological changes in the composition of the 
lipins during ether narcosis run parallel to this difference in inten- 
sity between gray and white under normal conditions. 


4510 
Ultraviolet Transparency of the Various Layers of Human Skin. 


A. BACHEM. 


From the University of Illinois College of Medicine. 


Frozen skin sections obtained from the sole of the foot of fresh 
bodies were placed over the slit of a quartz spectrograph; the sur- 
face of the skin was at right angles to the length of the slit. The 
spectrum of the Kromayer lamp through the visible and the whole 
ultraviolet was obtained on a photographic plate with the widest 
variation of exposure, with and without the skin sections interposed. 
Every spectral line showed the transmission of the various skin 
layers from the stratum corneum to the corium, in closest compari- 
son for the same thickness of every layer, from 10 to 70 », with 
various sections on different plates. The absorption coefficients were 
calculated from these observations for every layer. These were 
found to vary slightly with the thickness of the section, for which 
observation an explanation can be found by reflection and scatter- 
ing.’ The absorption curves showed marked differences for the var- 
ious layers. The corneum and the granulosum exhibited a maximum 
of absorption at 280 wp, coinciding with the maximum of the antira- 
chitic effect as observed by Sonne.* This suggests that the antira- 
chitic effect takes place in one or both of these layers. The corium 
and stratum germinativum do not show an increased absorption at 
this wave length, but exhibits a gradual increase of absorption. 
The production of an erythema occurs in these layers in the shadow 
of the upper layers. This explains the decrease in sensitivity as was 
observed by Hausser and Vahle at 280 pp.® 

1 Bachem, A., and Kunz, J., Arch. Phys. Ther. 1929, x, 50. 


2 Sonne, C., and Reckling, E., Strahlenther, 1927, xxv, 552. 
3 Hausser, K. W., und Vahle, W., Strahlenther, 1921, xiii, 41. 
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4511 


Development of Elastic Fibers in Cultures of Embryonic 


Heart Muscle. 


WILLIAM BLOOM, 


From the Department of Anatomy, University of Chicago. 


Because of the close association of elastic fibers with contractile 
tissues throughout the body, cultures of embryonic heart muscle 
were tested for the presence of elastic fibers. I have been unable to 
find a report of such an experiment. Portions of the heart of an 
8 cm. guinea pig embryo and a 4 cm. rabbit embryo were cultured 
in homogenous embryonic extract and plasma. The cultures were 
made on round coverslips by Maximow’s method and in Carrel 
flasks so that in no case was it necessary to cut them for transplan- 
tation. They were fixed after 10-17 days with one or more trans- 
plantations in Zenker-formol, embedded in colloidin and serially 
sectioned. They were stained with Weigert’s resorcin-fuchsin 
method for elastic fibers and counter-stained with azo-carmine. 
Some of the sections were stained by Foot’s method for reticulum 
fibrils. 

Typical elastic fibers develop regularly in those cultures in which 
the muscle was contracting up to the time of fixation. They appear 
in the zone of migrating newly formed cells outside the explanted 
bits of heart muscle. They are thin, blue-black lines which are 
fairly straight and parallel to the long axis of the migrating spindle 
shaped cells. The fibers branch occasionally and seem to be defi- 
nitely intercellular. In some places they are curled and twisted and 
form bizarre figures of many shapes. In a few areas the newly 
formed fibers interlace and form a wide or narrow meshed network. 
Control sections of the hearts from which these cultures were made 
show that the only elastic fibers in them are in the walls of the rela- 
tively small cardiac vessels. 

In these experiments, elastic fibers have been produced for the first 
time in tissue culture. These fibers stain electively with Weigert’s 
resorcin fuchsin method; they do not stain with Foot’s method for 
reticulum fibers and, as they occur between the newly formed cells 
of the culture, there can be no question of the fact that they have 
developed in vitro. 
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4512 


A Micro-Technique for the Determination of the Acid-Base 
Balance of the Blood. 


N. W. SHOCK anp A. B. HASTINGS. 


From the Lasker Foundation for Medical Research and the Department of 
Medicine, University of Chicago. 


An acid-base pipette has been developed for the determination of 
the acid-base balance of the blood on a single specimen of 0.1 cc. 
Finger blood is collected under oil saturated with a mixture of 5% 
CO.—95% air. The pipette consists of a lower stem, A, graduated 
from 0.0 to 0.1 cc. in 0.005 cc. divisions, and a bulb, B, of 2 cc. 
volume and 11 mm. inside diameter (Fig. 1). The volume of 2 cc. 


is indicated by a calibration ring on the upper stem. It is important 
that the bulb B be made from the test-tubes similar to those con- 
taining the standards for the pH determination. 

The use of the pipette is as follows: 0.1 cc. of blood is sucked into 
the pipette. This is followed by adjusted phenol-red saline solution 
up to the 2 cc. mark. The pipette is capped with a heavy rubber 
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band and centrifuged. The volume of cells is noted, the pH is deter- 
mined according to the method of Hastings and Sendroy* by com- 
parison with standard tubes in a comparator block; the CO, content 
of the solution is determined by transferring the entire 2 cc. into 
the Van Slyke manometric blood gas apparatus and determining its 
CO, according to the method of Van Slyke and Neill.’ 

A blank CO, determination is made on the reagents used. The 
data thus obtained, namely, pH, CO, content, and per cent cells, are 
sufficient to characterize the acid-base balance of the blood. A 
comparison of the results obtained by this method with those ob- 
tained by the standard macro-methods have shown that the percen- 
tage cells and pH are determined with the same accuracy in both 
methods. An error of 2% may be expected in CO, determinations 
by this method as compared with 0.5% by the method using 1 cc. of 
blood. The method is proving useful in the study of acid-base 
balance in animals where only small amounts of blood are available 
and in studies on humans where frequent vena punctures are in- 
advisable. 


1 Hastings, A. B., and Sendroy, J., J. Biol. Chem., 1924, Ixi, 695. 
2 Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 1924, Ixi, 523. 


Minnesota Branch. 


University of Minnesota, May 29, 1929. 


4513 


Basal Metabolism of a Woman Not Secreting Ovarian Hormone 
After Its Injection.* 


J. F. MCCLENDON anp GEORGE BURR. 


From the Department of Physiological Chemistry, University of Minnesota, 
Minneapolis, Minnesota. 


In a previous communication’ it was shown that certain single in- 
jections of ovarian hormone were not followed by any marked rise 
in basal metabolism 24 hours after injection. There was usually a 
slight rise during the day of injection and a still slighter rise during 
the day with no injection. This last fact might be taken as evidence 
that the results were due to accidental variations or variations in the 
secretion of the hormone. To eliminate the last objection the fol- 
lowing determinations were made on a 20 year old woman who had 
apparently been castrated by mumps at the age of 6 and whose sec- 
ondary sexual characters were developed only to the pre-puberty 
level or about to the extent of a girl of 10-12 years of age. An 
assay of the blood by an extraction method showing as high as a 
number of mouse units per cc. in normal women, showed no ovarian 
hormone in this woman and she had never menstruated in her life. 
Previous to this experiment her basal metabolic rate was 30-34 
calories per square meter per hour. The ovarian hormone was ob- 
tained from Parke Davis and was assayed by us by the single in- 
jection of the aqueous solution in ovariectomized mice. We sup- 
pose this mouse unit to be about equal to the Allen Doisy rat unit 
but do not doubt that there may be a variation of 1000% in indi- 
vidual animals. 


“This research was aided by grants from the Committee on Therapeutic Re- 
search, Council on Pharmacy and Chemistry, American Medical Association and 
from the American Association for the Advancement of Science. 


1 McClendon, Burr and Conklin, Proc. Soc. Exp. Bion. AND Mep., 1928, xxvi, 
265. 
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It may be seen from the table that the basal metabolism may rise 
a little on a fast-day (1st control). This rise is not increased by the 
pain of an injection or other psychic effect (2nd control). In this 
second control, distilled water was injected but the patient was led 
to believe that it was ovarian hormone and it was just as painful as 
the ovarian hormone preparation. On repeated injection of ovarian 
hormone during the day the basal metabolic rate rose 11.3% in the 


TABLE TI. 
Cal. per sq.| Ovarian hormone Percentage 
Day Hour m, per hr. injected increase 
(mouse units) in b.m.r. 

i 0 33.7 0 

8 34.9 0 3.5 (1st control) 
2 0 33.4 0 
3 0 31.8 0 

0.5 250 

2.5 350 

6 400 

u 500 

8 35.4 0 11.3 
4 0 32.9 0 
9 0 31.8 0 

0.5 H,20 

5 H20 

9 32.7 0 2.8 (2nd eontrol) 
10 0 32.8 0 

0.5 500 

5 500 

9 38.7 0 18.0 


first experiment and 18% in the second experiment. The rise in 
metabolism on the control days is not constant and the rise after 
injection of hormone is not proportional to the amount injected. 
The hormone preparation was not pure and therefore it is not 
known whether the hormone or an impurity caused the rise. Claire 
Conklin has shown a rise in basal metabolism during the intermen- 
strual period of normal women of more than 2.5 times the probable 
error, and Wildebush and McClendon have shown a rise in the 
ovarian hormone in the blood during this period. This indicates 
that the rise in basal metabolism is due to the hormone or to the 
growth of the endometrium. 
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4514 


Variations in Basal Metabolism and Their Relation to Skin 
Temperature. * 


e 


J. F. MCCLENDON. 


From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis, Minnesota. 


The basal metabolic rates of 47 women 20-29 years old (unse- 
lected university students, born and living in a goitrous region and 
about 50-90% of whom have had adolescent enlargement of the 
thyroid) have been repeatedly determined by Claire Conklin or 
myself. None of them had basal metabolic rates above the Aub- 
Dubois standard and only 5 equal to this standard. The 17 highest 
averaged 35.87 calories per square meter per hour which is 3% 
below the Aub-Dubois standard. The remaining 30 averaged 32.15 
calories per square meter per hour or 13% below the Aub-Dubois 
standard. This was true whether the metabolism was calculated 
from the O,, CO, and urinary N, controlled by an alcohol check, or 
from the O, by means of the Benedict-Roth-Collins method. It was 
found possible to raise the metabolism of many of the 30 women in 
the low group to the Aub-Dubois standard in 50 hours by the sub- 
cutaneous injection of 5 mg. thyroxine (Hoffman-LaRoche) or in- 
gestion of 25 gm. desiccated thyroid (Eli Lilly). Amenorrhea was 
more frequent among those with a low B.M.R. and was relieved by 
thyroid in 2 cases. A short menstrual cycle, 17-26 days, was more 
frequent in those of lower B.M.R. The menstrual cycle was short- 
ened in one woman by lowering her B.M.R. and lengthened by 
raising it. 

Measurements were made of muscle tone, the psychogalvanic re- 
flex and skin temperature in relation to metabolism. The muscle 
tone was determined by C. A. McKinley’s apparatus. The psycho- 
galvanic reflex was determined by immersing 2 fingers in 2 vessels 
of salt solution kept at constant temperature. It was found that 
collodion used to define the margin of the zone of electrical contact 
of skin and salt solution gave rise to errors but that vaseline elim- 
inated these errors. The skin temperature was measured by F. G. 
Benedict’s method of moving a thermocouple (backed with a heat- 
insulator) over the skin. The temperature of the skin of the ventral 


* This research was aided by grants from the Committee on Therapeutic Re- 
search, Council on Pharmacy and Chemistry, American Medical Association, and 
from the American Association for the Advancement of Science. 
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surface, under the bed clothes was determined and then the rate of 
fall of skin temperature after uncovering the body and with an 
electric fan at constant distance blowing air of constant temperature 
and humidity downward on the body. In general, the areas which 
dropped to the lowest temperatures were areas of low sensibility to 
cold or areas with thick subcutaneous fat. Although a higher meta- 
bolic rate (heat production) was often associated with a slower fall 
in skin temperature on exposure, there were many complicating fac- 
tors. The fall in skin temperature on exposure was at first most rapid 
but after a time regulatory processes were called into play. Heat 
loss was influenced by anatomical differences in individuals. One 
individual with a tendency to maintain a relatively high general 
skin temperature acquired cold feet on exposure. No pulse could 
be detected in the feet. One finger of another individual became 
cold and white on exposure. Although a psycho-galvanic reflex 
resulted from exposure to cold, it might result from other causes as 
well and some of the individuals were much more emotional than 
others. Since muscle tone is a fibrillation similar to a voluntary 
contraction, it must be associated with heat production and shivering 
. may be regarded as a special form of tone due to a reflex whose 
receptors are the muscle spindles. 

It seems probable that a lowered thyroid function resulting from 
a low iodine intake during uterine life, infancy and childhood, affects 
the physiology of the individual in such a manner that thyroid ther- 
apy in adult life will not make the individual normal. From the 
standpoint of health and efficiency, it seems better to assure a higher 
iodine intake in pregnancy and infancy than to wait until adult life 
before paying attention to the thyroid. 


4515 


A Method for Assay of Ovarian Hormone in Blood and Urine and 
Relation of Assay to Menstrual Cycle.* 
F. F. WILDEBUSH anp J. F. MCCLENDON. 


From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis, Minnesota. 


Ten cc. of blood are drawn from the Median Basilic vein into 
oxalate to prevent coagulation. The blood is centrifuged, and the 
blood plasma pipetted off. The blood corpuscles are washed with 


* This research was aided by grants from the Committee on Therapeutic Re- 
search, Council on Pharmacy and Chemistry, American Medical Association, and 
from the American Association for the Advancement of Science. 
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normal saline solution twice, and the washing fluid is added to the 
blood plasma. Since no ovarian hormone was found in the blood 
corpuscles they are not included in the extraction. To the blood 
plasma and saline is added about 5 cc. of N NaOH. This is ex- 
tracted 3 times with an equal volume of ether (free of peroxides). 
The ether extract is put into a distilling flask and the ether boiled off 
under reduced pressure. The residue is taken up in normal saline. 
For purposes of quantitative assays, no further purification is neces- 
sary, as this extract is not so irritating as to induce sloughs in mice. 

Castrated white mice are used, which have been observed to be in 
continuous dioestrus pause, for at least 2 weeks following castration ; 
and when used again after having been injected, at least 4 days of 
dioestrus are necessary. 

Urine: Twenty-four hour urine specimens are obtained from nor- 
mal non-pregnant women. Five cc. of chloroform is used as a 
preservative. The urine is made alkaline to phenolphthalein with 
NaOH, and then extracted 3 times with one-fourth pound of ether 
for each extraction. (When the urine is acidified before extraction 
with ether, toxic substances pass into the ether. In most of our 
experiments this acid-extract caused death to the mouse in 2 hours.) 
The ether extract of the alkalinized urine is then treated the same as 
the blood extract, and the residue taken up in normal saline. 

In assaying this hormone, because of the large number of assays 
of samples to be made, we employed a single injection instead of 
the 3 injections of the Allen-Doisy method or the 8 injections of the 
Laquer method. Readings were taken twice daily for 72 hours 
following injection into the mice. 

The following results were obtained in a normal non-pregnant 
young woman: 


Days of Cycle Mouse units in 20 cc. blood 
2nd day menstruation 126 
ordi i 126 
Othe 2 ¥ 24 
2nd ” after menses 31 
Thin 9% i M4 33 
1S thie! au Hi 43 
18th ” Hs ce 120 
Zistame ” we 124 
24th ” % ” 126 
Mouse units in 24 hr. 
12 days preceding menses 33 
oy 4 a 4 36 
Sie ae i 42 
1 ” ” ” 


48 
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2nd day menstruation 33 
3rd ” ” 12 
Ist day after menses 12 
4th ” ” ” 15 
Sth ” ” ” 18 
7th ” ” ” 30 


In 2 cases of young adult women, who had never menstruated, 
and in whom sexual infantilism had been diagnosed, no hormone 
could be found in the circulating blood. 

From our tables, it is seen that there is no sudden fall in the con- 
centration of the hormone in the blood just preceding menstruation 
as reported by Frank and Goldberger and by Hirsch. Our tables 
do not support the assumption that menstruation is due to the sud- 
den drop of this hormone in the blood. 

Assuming an average of 7 liters of blood in the woman, we have 
computed at least 45,000 mouse units of hormone circulating in the 
blood stream, with no way of ascertaining the amount in storage in 
different organs. It appears to us, that to obtain clinical results in 
definite cases of hypofunction of the ovary, massive doses of the 
hormone must be given to approximate the amount found in a nor- 
mally functioning woman. 


4516 


Reaction Between Antiseptics and Proteins and Antiseptic Activity 


of the Adsorbed Portion. 
A. D. HIRSCHFELDER anp H. N. WRIGHT.* 


From the Department of Pharmacology, Unwersity of Minnesota. 


It is a well know fact that the action of antiseptics upon bacteria 
is greatly diminished by the presence of proteins, blood serum, tissue 
juices and pus, but whether this is due to a chemical combination 
with the protein or to adsorption of the antiseptic on the surface of 
the protein, is not so certain. 

Mathews,’ Heidenhain,? and Chapman, Greenberg and Schmidt,’ 


* The experiments reported in this paper form the basis for a part of a Thesis 
presented by Harold N. Wright in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy at the University of Minnesota (May, 1929). 

1 Mathews, A. P., Am. J. Physiol., 1898, i, 445. 

2 Heidenhain, M., Arch. f. d. ges. Physiol., 1902, xe, 115. 

2 Chapman, L. W., Greenberg, D. M., and Schmidt, C. L. A., J. Biol. Chem., 
1927, Ixxii, 707. 
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who advocated the theory of chemical combination, dealt with de- 
natured lyophobic protein and not with protein in the natural lyophil- 
lic state; this has given rise to serious misconceptions. Ashley 
Cooper* has advanced some evidence that proteins adsorb phenols 
and do not enter into true chemical combination with them. The 
experiments of Grollmann® on the binding of phenol red indicate 
that the dyes are adsorbed, but the values (7. .e, 1/N approximating 
1) obtained lay too close to agreement with the mass law equation 
also to make fine distinctions possible. Rosenthal® also obtained an 
adsorption curve for the binding of rose bengal on a variety of pro- 
teins in acid solution. 

If the reaction with protein is one of chemical combination, it 
should proceed in direct proportion to the reacting masses, while if 
it is an adsorption, it should follow the Freundlich adsorption iso- 
therm (X/N = KCI/n) and give a logarithmic curve. 

In order to study the reaction with proteins in their natural state, 
the protein (purified egg albumin) and dye were placed in a small 
wide-mouthed bottle containing, as a dialyzer, a segment of viscose 
sausage skin filled with water. The free crystalloid dye passes 
through the dialyzer until its concentration in the outside chamber 
is equal to that within, while any portion that is in colloidal form 
does not do so. We.soon found that some of the antiseptic dyes 
like mercurochrome and acriflavine, which are generally supposed 
to be crystalloids, actually are partly in crystalloid and partly in 
colloidal form; and that physiological NaCl increases the amount 
of the colloidal form of these dyes, as well as converts a portion of 
the triphenyl methane dyes into colloidal suspensions, especially at 
pH 7 to 8. 

We have found that egg albumin in 0.3 and 1.0% solutions at 
pH 7.5, adsorb crystal violet, brilliant green and malachite green, 
which show the following values for 1/N: crystal violet 0.83, bril- 
liant green 0.57, and malachite green 0.25. Crystal violet follows 
the adsorption isotherm only in the range (less than 50 mg. per 
100 cc.) in which relatively little precipitation occurs. Mercuro- 
chrome and acriflavine were themselves too colloidal to permit of 
the use of this method of study. 

The adsorption could be followed under the ultramicroscope, the 
soap-bubble-like appearance of the hydrated protein giving way to 
the star-like reflections of the larger and less hydrated aggregates. 


4 Cooper, EH. A., and Sanders, E., J. Phys. Chem., 1927, xxxi, 1. 
5 Grollmann, A., J. Biol. Chem., 1925, Ixiv, 141. 
6 Rosenthal, S. M., J. Pharmacol. and Exp. Therap., 1926, xxix, 521. 
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In studying the problem of antisepsis in the presence of protein, 
it is important to determine whether it is only the unadsorbed frac- 
tion of the dye which acts as an antiseptic, or whether the portion 
which is adsorbed on the protein also exerts this action. This was 
tested upon the amount of CO, production by yeast grown in sucrose 
solution. Taking our curves for antiseptic strength in water alone 
with the curve of antisepsis in the presence of protein, and com- 
paring these with the adsorption curves, it is evident that not only 
the free crystalloid, but also the adsorbed fraction, exert antiseptic 
action. The adsorbed fraction, however, exerts only a part of the 
action that would correspond to the amount of dye present. 

Thus, crystal violet in a concentration of 1/20,000 in the pres- 
ence of 1% albumin should behave like a solution of 1/125,000 
concentration if only the free dye is actively antiseptic. Experi- 


mentally it was found to behave like a crystal violet solution of 
1/35,000 concentration. 


4517 


Is Schnitzer’s “‘Interference’’ Between the Action of Two Chemo- 
therapeutic Substances Due to Surface Reactions? 


A. D. HIRSCHFELDER anp H. N. WRIGHT.* 


From the Department of Pharmacology, Uniwersity of Minnesota. 


Browning and Gulbransen’ discovered the remarkable fact that 
although the injection of basic fuchsin cured rats infected with try- 
panosomiasis and acriflavine injections had the same effect, if ani- 
mals previously fed basic fuchsin by mouth were infected with 
fuchsin-fast trypanosomes, and later acriflavine was injected, the 
therapeutic action of the acriflavine was prevented and the animals 
died of trypanosomiasis. They gave to this action the name of 
“interference phenomenon.” These observations were confirmed 
by Schnitzer® (both with fuchsin-fast and normal trypanosomes) 
who showed that it applied also to other triphenyl methane dyes, 
e. g., methyl violet and brilliant green, and to arsenicals, e. g., 
arsphenamine and arsacetin. 


*The experiments reported in this paper form the basis for a part of a Thesis 
presented by Harold N. Wright in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy at the University of Minnesota (May, 1929). 

1 Browning, C. H., and Gulbransen, R., J. Path. and Bact., 1922, xxv, 395. 

2 Schnitzer, R., et al., Z. f. Immunitatsforsch. wu. exper. Therap., 1926, xlvii, 
116; xlviii, 23; xlix, 387, 393, 551; 1927, liii, 439; liv, 324. 
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Since these experiments seem to raise questions that are funda- 
mental in the problem of chemotherapy, it is important to deter- 
mine whether they can be explained as merely surface reactions upon 
the trypanosomes or whether one must have recourse to other more 
abstruse processes of metabolism or vital phenomena. 

We have therefore attempted to determine whether a similar in- 
terference could be demonstrated upon the growth and CO, produc- 
tion by yeast in the test-tube. Our curves of CO. production by 
ordinary baker’s yeast grown in a sucrose solution show that yeasts 
which have been definitely stained by methyl violet or by brilliant 
green in the test-tube, in solutions too weak to affect the CO, pro- 
duction, are less sensitive to acriflavine than are normal yeast cells. 
Vice versa, yeast cells stained with aoriflavine in concentration too 
low to affect CO, production, are rendered less sensitive to methyl! 
violet and brilliant green. This effect is not noticeable with basic 
fuchsin. 

These experiments represent a complete parallelism in vitro to 
Browning’s and Schnitzer’s “interference phenomenon” in vivo, 


and render it probable that the latter can be explained as a simple 
surface reaction. 


4518 


Ultramicroscopic Studies Upon Colloidal State of Antiseptics and 
Arsenicals in Relation to Their Actions. * 


H. N. WRIGHT anp A. D. HIRSCHFELDER. 


From the Department of Pharmacology, University of Minnesota. 


As Voegtlin* and others have shown that the action and toxicity 
of arsphenamine is closely related to their viscosity and colloidality, 
and as the action of antiseptics is greatly diminished by the presence 
of protein and of lipoids (Hirschfelder and Decherd?) we have 
studied the appearance of solutions of a number of these substances 
under the Szigmondy slit ultramicroscope. Solutions of arsphena- 


* The experiments reported in this paper form the basis for a part of a Thesis 
presented by Harold N. Wright in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy at the University of Minnesota (May, 1929). 

We take pleasure in expressing our thanks to Dr. R. A. Gortner for his 
cordial cooperation and for the use of the Szigmondy ultramicroscope. 

1 Voegtlin, C., U. 8S. Pub. Health Rep., 1924, xxxix, Part 1g UA) 


> Hirsehfelder, A. D., and Decherd, G. M., Proc. Soc. Exp. Bron. AND Mep., 
1928, xxv, 824. i 
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mine and neoarsphenamine show the soap-bubble-like appearance of 
hydrated lyophillic colloids, the micellae being smallest between 
pH 7 and 9, and again from 11 to 13. In the presence of proteins 
they aggregate to form stellate, highly refractive micellae. Rivanol 
is fluorescent, lyophillic, soap-bubble-like and aggregates with pro- 
teins. Triphenyl methane dyes are crystalloidal, but aggregate with 
proteins. Quinine and the hydrocuprein series (optochin, eucupin and 
vuzin) are fluorescent, crystalloid and aggregate with proteins. 
Metaphen is crystalloid and produces little change in the proteins. 
Mercurochrome and acriflavine show fluorescence, but no visible 
particles ; the micellae formed by mercurochrome and protein appear 
to be quite small; with acriflavine the protein aggregates are some- 
what larger. 

These colloidal phenomena are probably associated with the tox- 
icity and pharmacological action of the drugs, especially in intra- 
venous injection. 


4519 


Determination of Oxyhemoglobin by Means of the Dubores 
Colorimeter. 


B. A. FLESCHE anp J. F. MC CLENDON. 


From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis, Minnesota. 


In the determination of oxyhemoglobin by the Dare method the 
glass standard is never of the same color as oxyhemoglobin and 
therefore a color match is impossible. A better color match has 
been obtained by determining acid hematin as in the Sahli and New- 
comer methods. The color match is not perfect, however, and an 
hour wait is required for all of the hemoglobin to be changed to 
acid hematin. If monochromatic light is used the difficulty of 
matching colors is eliminated but for practical reasons the wave- 
length should be one in which the blood pigment shows considerabie 
absorption. The Wratten color filter 74, epsilon, shows a high 
transmission at 540 mp and the center of one of the absorption 
bands of oxyhemoglobin is at 541.7 mp. Furthermore, the trans- 
mission of this Wratten filter is in so narrow a band as to appear 
monochromatic to the eye. Hence the Newcomer glass standard 
may be used for determining oxyhemoglobin if this Wratten filter 
is placed in the eyepiece of the colorimeter. A slight change in the 
spectrum of the Newcomer glass as has been made by Bausch and 


792 SCIENTIFIC PROCEEDINGS 


Lomb, does not prevent a color match being made. Diluting the 
blood 1-502 with distilled water resulted in complete laking in 15 
minutes so that only this amount of time was required before mak- 
ing the reading. After a number of hours the formation of methe- 
moglobin changed the reading, so it is necessary to take the reading 
between 15 minutes and 3 hours after diluting the blood. 

If blood is to be collected during the night and the colorimeter 
readings made next day, the Newcomer method is preferable, but if 
the readings are to be made immediately (as during a physiological 
experiment) the present method is preferable. By substituting the 
Wratten filter for the B. and L. blue glass and using a different 
conversion table, the apparatus made for the Newcomer method 
may be used in this method. We prepared such a conversion table 
but since Bausch and Lomb have changed their Newcomer glass 
standards about four times, we do not reproduce it. 


4520 


Action of Splanchnic Nerves on Glomerular Blood Flow and Mech- 
anism of Reflex Aneuria in Frog’s Kidney.* 


RAYMOND N. BIETER. (Introduced by A. D. Hirschfelder.) 


From the Department of Pharmacology, University of Minnesota. 


The present opinion of the splanchnic nerves upon the function of 
the kidney is that these sympathetic nerve fibers exert a primarily- 
vascular effect and thus modify the size of the organ and its output 
of urine. 

Experiments upon the living kidneys of Rana pipiens and Rana 
catasbiana in which the glomeruli were observed under the micro- 
scope by “Richards’ Method” have shown the following findings : 

1. Section of the splanchnics increases the number of glomeruli 
showing active blood flow. 

2. Electrical stimulation of the peripheral end of the cut splanch- 
nic trunks decreases the number of glomeruli showing active blood 
flow. 

3. Electrical stimulation of the central ends of cut sensory 
nerves, the application of irritants to the ureter externally and in- 


* The experiments reported in this paper form the basis for a part of a Thesis 
presented by Raymond N. Bieter in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy at the University of Minnesota (May, 1929.) 
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ternally and to the inside of the tubules, and the entrance of edema 
fluid into the general circulation, lead to decrease of glomerular 
blood flow. 

4. The effects of the measures described in (3) are lost by sec- 
tion of the splanchnics or anesthesia of the part stimulated. 

These results tend to support the current conception of the vas- 
cular effects of the splanchnic nerves upon the kidney, and to fur- 
nish an explanation for the genesis of reflex aneuria. 


4521 


Influence of Diet on the Phospholipid Fatty Acids of Growing Rats. 


ROBERT GORDON SINCLAIR. (Introduced by W. R. Bloor.) 


From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York. 


Evidence has been presented’ to show that the type of diet has a 
characteristic influence on the degree of unsaturation of the phos- 
pholipid fatty acids of various tissues of the cat. This influence of 
food fat may be divided into 2 categories: (1) in the intestinal 
mucosa and in the liver the phospholipid is involved in the absorp- 
tion and assimilation of fat and undergoes an immediate change in 
composition during the absorption of a characteristic fat; (2) in all 
tissues studied (mucosa, liver, smooth and skeletal muscle) the de- 
gree of unsaturation of the phospholipid fatty acids is character- 
istic of the type of diet fed over a considerable period of time. This 
latter influence is probably the result of the utilization of the fatty 
acids of the food for the repair of the phospholipid broken down 
by the continuous wear and tear of cellular protoplasm. 

The data presented in the accompanying table show that the type 
of diet has a distinct and uniform influence on the constitution of 
the phospholipid synthesized by young growing rats. Likewise the 
values given for the iodine numbers of the fatty acids of the neutral 
fat show the unmistakable influence of diet, thus confirming the 
findings of Shioji® and Anderson and Mendel.* 

Two facts are outstanding. It is evident that the neutral fat of 
the young control rats is similar in composition to that synthesized 


1 Sinclair, R. G., Proc. Soc. Exp. Brow. aNp Mrp., 1929, xxvi, 436; J. Biol. 
Chem., 1929, Ixxxii, 117. 

2 Shioji, E., J. Biochem., Japan, 1924, iv, 43. 

2 Anderson, W. E., and Mendel, L. B., J. Biol. Chem., 1928, Ixxvi, 729. 
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the synthesis of a highly unsaturated phospholipid is in agreement 
with the observation of Eckstein‘ that oleic acid stimulates the pro- 
duction of arachidonic and linoleic acids. 


4522 


Effect of Inanition on the Phospholipid Fatty Acids of the Rat. 


ROBERT GORDON SINCLAIR. (Introduced by W. RB. Bloor.) 


From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York. 


Terroine and Belin’ have asserted that the lipid component of the 
élément constant of whole animals and individual tissues represents 
the phospholipids of normal animals, and that the degree of unsatu- 
ration of the fatty acids of the élément constant (1. e., the phospho- 
lipid) is an invariable characteristic, quite independent of the type 
of diet. The latter assertion is quite at variance with the observa- 
tions of the author.’ 

The élément constant of Terroine represents the residual substance 
of animals which have died of inanition. On the other hand, the 
data obtained by the author apply solely to the acetone-insoluble 
lipids of normal, well-fed animals. This distinct difference sug- 
gests the possibility that normal animals contain reserve phospho- 
lipid which alone is influenced in its composition by the type of 
diet and which disappears on fasting. 

The data in the accompanying table show that in fasting rats the 
decrease in phospholipid fatty acids is roughly proportional to the 
decrease in the weight of the animal, or, in other words, the percen- 
tage of phospholipid in the whole rat remains relatively constant. 
Furthermore there is no change in the composition of the phospho- 
lipid.during fasting, the iodine number of the fatty acids remaining 
constant. 

These facts indicate that the phospholipid of normal animals does 
not consist of a stable portion, invariable in amount and in compo- 
sition, and a labile reserve portion. On the contrary these data 
strengthen the opinion that the phospholipids are vital constituents 


4 Eckstein, H. C., J. Biol. Chem., 1929, Ixxxi, 613. 
1 Terroine, E. ¥., and Belin, P., Bull. Soc. chim. biol., 1927, ix, 12. 
2 Sinclair, R. G., Proc. Soc. Exp. BioL. AND Mep., 1929, xxvi, 436; J. Biol. 


Chem., 1929, Ixxxii, 117. 
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Toxic and Antagonistic Properties of Na, K, Mg and Ca Ions on 
Duration of Life of Cambarus clarkii.’ 


O. M. HELFF. 


From the Zoological Laboratory, University of Towa. 


The toxicity of pure solutions of metallic ions has been determined 
in the past for many marine species. Furthermore, the antagonistic 
properties of small amounts of certain ions to alleviate or even re- 
move entirely the toxic effect of another ion is well known. In a 
survey of the literature covering this subject, the writer became 
aware of the extreme paucity of work in connection with fresh- 
water forms. Since the fresh-water crayfish was found to lend it- 
self to this work and to be comparable to closely allied marine 
forms, a species (Cambarus clarkii) obtainable in abundance was 
used in the present work. 

The poisonous effects of pure solutions of NaCl, KCl and CaCl, 
were determined in the following manner: 0.5 M solutions were 
prepared with distilled water as well as a series of weaker solutions 
having the strength of 90%, 80%, 60%, 40%, 20% and 10% ot 
the 0.5 M solutions. Ten battery jars were each filled with 600 cc. 
of the solution to be tested and a crayfish placed in each jar. A 
record was kept of the time of immersion of the animals and hourly 
inspections made thereafter to determine the duration of life. To 
guard against possible asphyxiation due to low oxygen tensions, 
the animals were placed in fresh solutions every 12 hours. This 
likewise removed the possible toxic effects of waste materials liber- 
ated by the crayfish. Table I gives the average result of 10 individ- 
uals for each solution: 


TABLE I. 


Duration of Life in Hours 
Concentration of NaCl, CaCly and KCI solutions 


NaCl CaCly KCl 
100 ce. 0.5 M solution + Oece. distilled water| 20.0 17.0 25 
O22 BS ==: O22 a ay 36.2 25.2 2.9 
307? i ee, re GSO 25.3 3.0 
one 2? 1402200 2? > 1157.3(*7) | 32.4 3.9 
Ave Go me 2) »» 1760.2(%6) | 43.1 4.9 
on o> 4+ 807 ” (*10>| 78.8(*2) | 6.5 
1022. 22 -+- 90 *’ 9 »? (210) 95.2 (*1) a Wy 27 

@ 2% + 100” 7 ” (*10) (*10) (*10) 


* Denotes number living for 7 days when test was discontinued. 
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The results as shown in Table I clearly indicate the toxicity of 
certain metallic ions when applied in fairly high concentrations. The 
poisonous effect of the K ion is especially pronounced, being approx- 
imately 8 and 7 times more toxic, respectively, than cquanolécdiar 
0.5 M NaCl and CaCl, solutions. 

ae possible antagonistic properties of small amounts of other 
ions in minimizing the toxicity of K and Na ions were also investi- 
gated and results obtained as shown in Table I]. The average life 
duration of 10 crayfish is given for each solution. 


TABLE II. 
Nature of the Solution Duration of Life 
in hours 
96 ce. 0.5 M NaCl + 4 ec. 0.5 M MgClo 221 
+ 4 ee. 0.5 M KC) 21.3 
Be a + 4cc. 0.5 M CaClo 26.0 
a ae + 2 ce. M MgClo + 2 ce. 0.5 M KCl 24.0 
‘a is + 2 ce. 0.5 M MgClo + 2 ce. 0.5 M CaClo 25.4 
42 ee + 2 ce.0.5 MCaCly + 2 ce. 0.5 M KC] 33.8 
96 ce 0.5 M KCl + 4ce. 0.5 M MgClo 4.1 
es cae + 4 ee. 0.5 M NaCl 4.0 
Ke a2 + 4 ce. 0.5 M CaCly- 4.2 
2a id + 2 ce. 0.5 M MgCl, + 2 ce. 0.5 M CaCl, 4.2 
2 pe + 2 ec. 0.5 M MgCly + 2 ec. 0.5 M NaCl 4.3 
ne fd + 2 ce. 0.5 M CaCl» + 2 ce. 0.5 M NaCl 4.3 


A comparison of the results as shown in Tables I and II will 
make evident the apparent antagonistic properties of the various 
ions tested. Mg, K and Ca ions all appear to partially offset the 
toxic effect of the Na ion, while the combination of small amounts 
of Ca and K ions would appear to be especially effective. Further- 
more, Na, Ca and Mg ions appear to be considerably more effective 
in alleviating the poisonous effect of the K ion. 

Experiments are in progress testing the toxic effect of pure MgCl, 
solutions and the antagonistic properties of combinations of ions to 
pure solutions of MgCl, and CaCl. The effect of increasing 
amounts of antagonistic ions in pure solutions of NaCl, KCI, MgCl, 
and CaCl, is also being worked out. 
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4524 
Maternally Transmitted Immunity to Bacillus Sordellii. 


IVAN C. HALL. 


From the Department of Bacteriology and Public Health, University of Colorado 
School of Medicine. 


During our efforts to produce antitoxic and agglutinating serums 
against Bacillus sordellu (C. oedematoides), one of our immunized 
rabbits accidentally became pregnant and gave birth to 10 young of 
which she succeeded in raising 4. When these were weaned it oc- 
curred to me to test their immunity toward the organism which had 
been used in the immunization of their mother. 

Since details of immunization of the mother preceding and during 
gestation, as well as during lactation may be of some significance 
tor the interpretation of the immunity conferred upon her young, 
they are here noted in tabular form. 

Female rabbit No. 261 was immunized against B. sordellii 1302 
as shown in Table I. 

The following schedule is submitted in detail as an example of suc- 
- cessful immunization against whole cultures of B. sordellu. We 
have never succeeded in immunizing rabbits against whole cultures 
by the intravenous route and sacrificed many in attempting to do so. 
Even animals as completely immunized as this rabbit was at the end, 
have succumbed to small doses of whole cultures administered into 
the vein. 

It is clear that this rabbit possessed a well established antitoxic 
immunity before or about the time gestation started. This is 
shown by the fact that in spite of the relatively large doses of toxin 
received, she continued to gain weight and showed no alarming 
symptoms, only a moderate degree of localized oedema after each 
subcutaneous inoculation. Serum separated from the blood drawn 
after the first week of gestation also possessed definite protective 
power for guinea pigs inoculated simultaneously with filtered cul- 
tures of B. sordellui and C. oedematoides. Furthermore, repeated 
inoculations of this pregnant rabbit did not cause her to abort, as so 
often happens, and she continued to gain weight both during ges- 
tation and after parturition in spite of constantly increasing doses 
of first toxin, and later, whole cultures. However, she lost 6 of the 
young at an early age from an unknown cause. When the 4 re- 


1 Hall, I. C., Rymer, M. R., and Jungherr, E., to be published in the Journal 
of Infectious Diseases. 
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TABLE I. 
Date Wt. in gm. Dose 
Mar. 7 1500 1 ee, (1-10) toxin B* intravenously. 
99 12 1500 al 1)5) (1-9) 9?) 99 99 
99 15 1600 1 a7 (1-8) a) 9) >) 
2» 49 1650 1 be) (1-6) 9 99 29 
Ne Be 1750 ib 22s (ley a ?? subeutaneously. 
3%) 26 1875 il 9 (1-3) uit) 2) eas 
22 99 1875 1 PP) (ze) ? 99 9 
Apr. 2 2000 0.7 a3 ies 9) be) 
99 5 2050 0.8 oN) oh3) 97 93 
be) 10 2250 1.25 >? 2th) 9? 99 
9 13 2350 9 2) ded 2:9. a) 
99 17 2450 9 29 9? bed 99 
99 20 2600 9 9? 9? 9? 9) 
ea 2700 ee toxin Gt 22 
99 28 2750 3 9, 39 a >? 
Accidentally bred about this time. 
May 2 2900 4 ce. toxin G subcutaneously. ; 
HEE 3 Bled about 30 ec. from heart; 1 ee. serum protects guinea 
pigs against 4 M.L.D. of toxin. 
eee AS) 3050 
fet 3150 5 ec. toxin G subeutaneously. 
oy) 15 3225 5 ey: 2? 3 hed 
ISS) 3300 
22 ak O 3500 1 ee. 7 day whole culture subcutaneously. 
a) 29 3550 1 a? 2 ee) 29 215) 33 
2230) 3100 10 young born. 
June 1 3250 1 ee. 1 day whole culture subcutaneously. 
3) 6 3250 Rg 9) 4 pfs) 2) oie) bd 
39 9 3450 aie thes 3 29 9? oe) 29 
9) a Nees 3550 9 »? 3 9) ) 9? 99 
ode, 19 3700 2 ”? 3 9 99 9?) bp) 
9? 99 3625 i 2) 3 99 BAP ab eho) 
oY] 25 3750 9 ”? 3 329) 28: bd 9) 
+) 28 3750 9 oN) 3 9) a) 9? be) 
July 6 3750 Bled about 15 ce. from ear. Agglutination titre 1-2000; 
4 remaining young weaned. 
eel 3500 2 ec. 1 day whole culture subeutaneously. 
29 14 3600 5 ») 2 ? +h} 9) ree} 
eae) 19 3550 5 >? Y 9 ? 9? bed 
9 94 3600 5 >” 2, 9 >? 9? bx) 
Aug. 1 3600 Bled about 15 ce. from ear. Agglutination titre 1-5120. 


* Toxin B contained less than 1 guinea pig M.L.D. per ce. 
t Toxin G contained 2 guinea pig M.L.D. per ec. 


maining young were weaned at 5 weeks, the agglutination titre of 
the mother was about 1-5120 against all 6 strains of B. sordellii and 


C. oedematoides. 


July 11, the young rabbits were tested for any immunity that 
may have been transmitted to them from the mother, either congen- 
itally or through her milk, by injecting them subcutaneously with 
different sized doses of a 24 hour glucose broth culture of B. sordellij 
1302, the same strain used in the immunization of the mother. A 
somewhat larger rabbit from another litter was used as a normal 


BUFFERED DILUENT FOR SCHICK TOXIN 801 


control; this animal received the smallest dose (0.1 cc.) similarly to 
one of the supposed immune litter. The results are shown in the 
following protocol: 


TABLE II. 
Rabbit No. Weight Dose Results 
gm. Ce: 
300 600 0.1 No effect, gained 250 gm. in 7 days, 
202 625 0.5 Marked oedema; died on 7th day. 
235 700 2.5 Marked oedema; died on 3rd day. 
209 735 10.0 Died during Ist day. 
Ui 1200 0.1 Marked oedema; died on 3rd day. 


* Normal control. 


Rabbit No. 300 was finally killed November 2, 1928, by a blow 
on the head. It then weighed 2600 gm. and was normal in every 
way. All of the other animals that died showed the characteristic 
lesions of infection by B. sordellii, 1. e., extensive subcutaneous 
oedema, with a little congestion but no emphysema. 

The normal control rabbit, though much larger than the immune 
rabbits, showed approximately the same development of lesions and 
died in about the same time as the immune test rabbit (No. 235) 
which received 25 times as large a dose of the culture. The results. 
clearly indicated that immunity to B. sordellii may be transmitted 
from female rabbits to their offspring, but whether by placental 
transmission or by lactation is, of course, impossible to state from 
this experiment. 


4525 
The Buffered Diluent for Schick Toxin. 


W. E. BUNNEY sanp BENJAMIN WHITE. 


From the Antitoxin and Vaccine Laboratory of the Massachusetts Department of 
Public Health. 


The instability of diphtheria toxin in diluted state has always 
presented obstacles to the preparation of outfits for the Schick test. 
It has been the custom to supply a small amount of undiluted toxin 
(or toxin in a small amount of glycerin) in one container and the 
required amount of saline diluent in another container, which re- 
quired the mixing of toxin and diluent by the physician at the time of 
performing the Schick tests. A ready-made dilution of toxin which 
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would retain its toxicity under the varying conditions to which 
Schick outfits are usually subjected would make for lower cost of 
manufacture, greater convenience and greater accuracy of the test 
itself. 

A buffered diluent described by Glenny, Pope and Waddington‘ 
might make such a procedure feasible. They found that most 
diphtheria toxins diluted in the buffer maintained their toxicity for 
6 weeks at room temperature and for 6 months or more at 0° C. 
We began a series of experiments to check their results, using a 
toxin which was being employed routinely in Schick test outfits. 

The toxin was prepared from veal infusion made sugar free with 
B. coli, containing 2% Difco Proteose Peptone, 0.5% sodium chlor- 
ide and having a pH of 7.4 after autoclaving 30 minutes at 120° C. 
The “Park-Williams No. 8” strain was used and the toxin harvested 
after incubation at 35° C. for 5 days. The toxin was 6 years old 
at the time of the experiments and had an M.L.D. of 0.015 cc. Two 
M.L.D. plus 20% excess was accurately measured into capillary 
tubes and the contents diluted in 10 cc. vials of isotonic salt solution 
containing 0.4% phenol or in 10 cc. vials of the buffered diluent 
(pH 8.1) prepared according to the Glenny, Pope and Wadding- 
ton directions. 

The diluent is a 1.5% aqueous solution of a mixture of 57 gm. 
crystal borax, 84 gm. boric acid, 99 gm. sodium chloride. This 
solution is stable on autoclaving and has a final pH from 8.0 to 8.4. 

Our toxin diluted with this buffer solution showed little loss of 
toxicity when left at 37.5° C. for 24 hours. This test is said to 
indicate that the toxin would maintain its toxicity for 6 weeks at 
room temperature. An attempt was made to approximate the condi- 
tions which Schick toxin undergoes in actual use. Vials of toxin 
diluted (a) with isotonic salt solution, or (b) with the buffer solu- 
tion were sent to 2 district health officers to be carried with them 
on their usual rounds for 2 months. A third set was placed in a 
car which was driven every day and another was left at room 
temperature in the laboratory. Some sets were placed at 7° C. 
and tested at monthly intervals while others were placed at 
33° C. The vials after being returned from the district health 
officers remained at laboratory temperature. Toxicity was deter- 
mined by injecting 4 cc. and 5 cc. from each vial subcutaneously 
into 250 gm. guinea pigs. These injections represented approxi- 
mately 1.0 and 1.25 M.L.D. respectively. The results are given in 
the table. 


1Glenny, A. T., Pope, C. G., and Waddington, Hilda, J. Path. and Bact., 
1928, xxxi, 133. 
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TABLE I. 
Se 
Conditions to Diluted in Buffered Diluent Diluted in Salt Solution 
which diluted 
toxin was 
submitted 5 ec. pigs] 4 ce. pigs} Remarks | 5 cc. pigs] 4 ec. pigs|) Remarks 
At time of di- See test at 
lution 3, 3,3 |4, 4,4 7° C. 2-6 
months be- 
low 
37.5° for 24 hr.|6, 5, 3 | 4, 7, 4 §,5,S |S8,8,S No local 
reaction 
In ear and of- 
fice during 
Nov., Dee. and 
Jan. (10 wks.)| 3, 5, 6, 4/4, 4, 3, 4 8,5, 8,8] 8,8, S,S ue 
Same as above 
plus 4 months 
at room tem- Maximum 
perature 4,9 Sh Sh induration |S, S Ss, S 22 
in’ car, for) 10 
weeks, driven 
about 1000 
miles 3 4 S S$ a 
Same as above 
plus 4 months 
at room tem- Not toxie 
perature 5 8 SS) 8 death 
Room tempera- No local 
ture for 10 wks.| 3 3 Ss Ss reaction 
33° C. 10 wks.|S $s Maximum i) Ss a 
induration 
7° C. 2 months} 2 $ 2 4 
7° C. 6 months| 2 3 3 4 


Integers represent days survival of pigs after injection. 
S = survival. 


The results agree closely with those of Glenny, Pope and Wad- 
dington even though the time at room temperature was extended a 
month (they, however, report one toxin which retained full strength 
at room temperature for 14 weeks). In the present experiments 
there was no apparent deterioration of the diphtheria toxin diluted 
with unbuffered saline in 6 months at 7° C., although Glenny et al 
state that reduction to half strength occurs in 2 months at 0° C. 
When kept at 37.5° C. for 24 hours the toxin diluted with saline 
lost practically all of its toxicity while that diluted with the buffered 
solution was only slightly affected. 

The tests on the companion sets exposed to the conditions which 
the average Schick outfit would have to meet showed that for a 
period of 10 weeks the buffered diluted toxin maintained its toxicity 
while the saline diluted toxin was destroyed. 

The belief that toxins which retain their toxicity for 24 hours at 
37.5° C. will retain it for 6 weeks at room temperature has been 
confirmed. It seems certain that those buffered toxin dilutions 
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which stand up under this 24 hour test at 37.5° C. would be en- 
tirely satisfactory for distribution in Schick outfits. 

Similar experiments have been undertaken with several of our 
toxins and toxins from 7 other laboratories in order to ascertain if 
the diluent is adapted to a sufficiently large number of toxins to 
warrant adopting the routine dispensing of toxin ready-diluted for 
Schick tests. The results of these experiments will be published in 
full later. 


4526 


Concentration of Amino-Acids, Urea, and Total Non-Protein Nitro- 
gen in Foetal and Maternal Blood of Rabbit During Pregnancy. 


FRANKLIN F. SNYDER* anp F. MEREDITH HOSKINS, 


From the Department of Anatomy, University of Rochester Medical School. 


It has long been recognized that there are histological changes in 
the placenta at various stages of pregnancy. There has been little 
investigation, however, of the possibility that these morphological 
alterations are linked with coincident changes in the concentration of 
various metabolites, such as glucose, urea and amino-acids in the 
blood which bathes the foetal and maternal surfaces of the placental 
boundary. In recent observations, however, it has been found that 
the concentration of blood sugar’ and hemoglobin’ is strikingly dif- 
ferent on the foetal and maternal sides of the placental barrier in the 
rabbit at the beginning of the last third of the gestation period; on 
the other hand, at term, the blood sugar and hemoglobin are found 
to approach much more nearly an equal concentration in the foetal 
and maternal blood. It is obvious that data derived from observa- 
tions at term may fail to give a complete understanding of the regu- 
latory activity of the placenta. If the previous observations in the hu- 
man are viewed in this light, as for instance, the careful description 
by Plass’ of the concentration of urea, amino-acids, and total non- 
protein nitrogen in foetal and maternal blood at parturition, and the 
studies of Slemons,* it is evident that the data are limited to observa- 
tions at a single stage of pregnancy. 


* Department of Obstetrics, The Johns Hopkins University. 

1 Snyder, F. F., and Hoskins, F. M., Anat. Rec., 1928, xxxviii, 28. 
2 Zeidberg, L. D., unpublished observations from this laboratory. 
3 Plass, E. D., Johns Hopkins Hosp. Bull., 1925, xxxvi, 393. 

4 Slemons, J. M., 1919, ‘‘The Nutrition of the Foetus. ’? 
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In the present experiments, a series of 24 rabbits has been ob- 
served at various stages of pregnancy from the 26th day until near 
term, 1. e., the 32nd day. As summarized in the table, it has been 
found that the urea nitrogen is present in about equal concentra- 
tion in the foetal and maternal blood; on the contrary, the amino- 
acid nitrogen and the total non-protein nitrogen are found consist- 
ently in greater concentration in foetal than in maternal blood. 

TABLE I. 


The Concentration of Amino-acid Nitrogen, Urea Nitrogen, and Total Non-protein 
Nitrogen of the Foetal and Maternal Blood at Various Stages of Pregnancy. 


Day of Amino-acid N Urea N Total NPN 

Preg- Diet (mgm. %) (mgm. % ) (mgm. %) 

nancy IE Te oe MSS 

Maternal | Foetal |Maternai | Foetal |Maternal | Foetal 

26 Well fed 8.6 9.7 12.4 11.6 26.7 42.2 
26 Ch Wl Pee) 8.6 13a 17.9 18.5 34.3 49.8 
26 Fasted 25 hrs. — — 19.7 19.2 41.2 43.3 
27 Well fed 7.6 12.1 23.5) 24.0 35.4 51.0 
27 pe aat e 8.7 11.4 13.5 IBS 55 Bus 44.5 
27 ree — — 18.3 19.8 38.5 45.0 
OT Fasted 24 hrs. 7.5 10.6 — — — — 
27 AED te WX Gs 2d — — 23.4 20.8 43.5 — 
27 Aah wi BX) ed — — 17.4 14.0 —_— a= 
27% |Well fed — — iiss 12.9 33.9 47.1 
28 ed oe, 9.1 10.5 — — — — 
29 Fasted 140 hrs. 8.5 aes} 24.3 26.2 44.7 56.1 
30 Eo He 2 7.8 USS 34.4 26.3 60.0 76.0 
30 Je) G2 Hal 10.8 44.0 45.9 97.5 108.5 
30 es ey 2 7.5 11.0 — — — — 
3 Well fed 8.1 11.8 12.2 10.0 32.4 43.0 
al ad ay 8.0 USS 26.0 Del 52.4 62.1 
31 2? e 7.9 12.6 32.7 32.9 45.4 62.6 
31 td ae 7.8 9.6 26.3 29.9 51.4 55.8 
oil Fasted 16 hrs. — — 15.6 15.8 — — 
31 a Fa Gules — — 20.7 18.8 40.5 50.4 
31 23g) AG 2 2 8.8 12.2 50.7 49.4 70.9 82.8 
Bil BEY NS 22) — — 20.9 16.5 — — 
31 2? OR, 10.0 11.6 66.1 60.2 97.4 127.4 


The determinations were made on whole blood in duplicate sam- 
ples, according to the methods given by Folin.” The animals were 
sacrificed by a blow on the head, and the foetuses were rapidly bled 
from the jugulars. Filtrates obtained from the blood of all the 
foetuses of a litter were usually combined. 


5 Folin, O., Lab. Man. Biol. Chem., 1923, 235, 239, 263. 
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4527 
The Salivary Gland Poison of the Aédes Aegypti. 


EARL B. MCKINLEY. 


From the School of Tropical Medicine of the University of Porto Rico under the 
auspices of Columbia University, New York City. 


The nature of the poison contained in the salivary glands of mos- 
quitoes is little understood. That this substance is very irritating 
to the human skin (and to that of other animals) has long been an 
established fact. Those who dwell in the tropical belt are well aware 
of this though the nuisance of mosquitoes is by no means limited to 
warm climates. Not all species of mosquitoes bite man, indeed some 
seem to prefer animal blood to that of man, but a human blood 
meal is usually acceptable if no other is available. On the other 
hand, there are many different kinds of mosquitoes which prefer the 
blood of man and in some instances refuse to partake of the blood 
of certain animals. When the mosquito bites, some of the salivary 
secretion is injected into the wound and this, in most instances, is 
followed by the appearance of a wheal, surrounded by an area of 
erythema and accompanied by intense itching. This is the charac- 
teristic reaction following the bite of the Aédes aegypti and we 
have been interested in the substance contained in the salivary glands 
of this particular insect which causes this reaction. 

People vary in susceptibility to this poison. Some state that 
mosquitoes never bother them. Others develop the most intense 
reactions following these bites. Still others state that they believe 
that they have become immune to certain mosquitoes. Several indi-_ 
viduals have reported to us that 2 or 3 years ago, when they first 
came to Porto Rico, they were bothered by mosquito bites and de- 
veloped intense lesions following them and that after 2 or 3 years 
in residence here they have gradually become “immune” to mosqui- 
toes and seriously doubt if they are ever now bitten. The evidence 
seems to justify the opinion that prolonged residence in the pres- 
ence of mosquitoes and exposure to their bites produces a form of 
immunity against the specific poison elaborated by these insects. 
However, we have found that this is not always true. One of our 
staff who is accustomed to breed the Aédes aegypti in his laboratory 
and allow these insects to feed frequently from his arm, developed 
an intense reaction with the poison extracted from the salivary 
glands of this insect. This test, however, was made after his ab- 
sence from Porto Rico for 4 months and there is the possibility 
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that an acquired immunity to this poison does not persist for any 
length of time. The fact remains that certain individuals become 
immune to the mosquito salivary gland poison after prolonged con- 
tact with the insect and it is upon this observation that this study 
has been based. 

In 1888 Macloskie* demonstrated that the mosquito has 2 sali- 
vary glands and that each of these glands possesses 3 lobes. He 
found that the middle lobe of each gland differs from the others in 
having evenly granulated contents and staining more deeply. He 
regarded the middle lobe as the source of the poison. Bruck? in 
1911, extracted a poison from the bodies of mosquitoes with water, 
glycerine and chloroform, which he called culicin. He assumed that 
this poison came from the salivary gland and found that it produced 
lesions in his own skin similar to the mosquito bite itself. Further- 
more he demonstrated that the poison possessed hemolytic powers. 
Nuttall and Shipley,’ working with Culex pipiens, extracted the sali- 
vary glands from 6 sets (36 acini) with salt solution and found that 
their extract neither prevented coagulation nor caused hemolysis of 
human blood. Schaudinn* observed certain yeast cells in the oesoph- 
ageal diverticula (sucking stomach) of the mosquito which he be- 
lieved were normal and constant commensals of the insect. He fur- 
ther noted that the sucking stomach emptied itself from time to time 
due to certain convulsive contractions of the abdomen during feed- 
ing. Schaudinn was unable to produce any irritating effect by in- 
jecting extracts of the salivary glands themselves “under the skin’ 
though he produced noticeable and characteristic itching irritation 
by introducing the oesophageal diverticula with their content of 
yeast into an opening in the skin. From these experiments Schau- 
dinn believed that the irritating action of the mosquito is caused by 
an enzyme from a commensal fungus. Yorke and Macfie’ have 
shown that an emulsion of the salivary gland of A. muchpennis 
agglutinates the erythrocytes of human blood but that emulsion of 
the stomach and ventral oesophageal diverticulum has no such ac- 
tion. These authors found that the salivary gland emulsion of 
Culex pipiens, Theobaldia annulata, Stegomyia fasciata and Glos- 
sina tachninoides do not agglutinate human red blood cells. No 
hemolysin was detected in any of the insects studied by them. The 
salivary gland emulsion from A. maculipenmis and of Glossina tach- 


1 Macloskie, Am. Naturalist, 1888, xxii, 884. 

2 Bruck, Deutsche medizin. Wochenschr, 1911, 1787. 

3 Nuttall and Shipley, J. Hyg., 1901-3, i, ii, ii. 

4 Schaudinn, Arb. aus dem kais. Gesundhettsamte, 1904, xx, 387. 

5 Yorke and Macfie, Ann. Trop. Med. and Parasitol., 1924, xviii, 103. 
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ninoides possessed a definite anticoagulating substance but this was 
not true for Stegomyia fasciata. More recently Hecht* described 
some interesting experiments dealing with this subject and has col- 
lected the literature concerning it. 

In our experiments we have been interested in the toxic substance 
contained in the salivary glands of the Aédes aegypti and in the re- 
action this substance produces in different individuals. We have 
carefully dissected out over 2000 salivary glands from female A. 
aegypti bred in the laboratory. Several very potent extracts have 
been prepared from these glands by grinding the glands with sand 
in a sterile mortar and extracting with physiological salt solution. 
One type preparation was made with approximately 1300 glands 
and extracted with 15 cc. of saline. After filtering through a 
Berkefeld ‘“‘N” filter this material was employed for “intradermal” 
injection in 0.1'cc. amounts. Other similar preparations were made, 
using various numbers of glands and smaller quantities of saline for 
the extraction. We have tested this material on a large number of 
individuals and have obtained results which fall into 3 distinct 
classes. (1) Those individuals who give a typical, distinct and 
characteristic reaction which to all appearances is the same as a 
bite caused by this insect; (2) Those individuals who give no re- 
action whatever; and (3) those individuals who give a “delayed” 
reaction, coming on from 8 to 18 hours following the injection. The 
typical positive reaction appears in from 2 to 5 minutes following 
the injection and consists of a wheal (%4 to % inch in diameter) 
surrounded by an erythema varying from 1% inch to 2 inches in 
breadth and length. The reaction is accompanied by intense itch- 
ing and persists for approximately one hour. Reactions are not 
obtained in susceptible individuals if the extract is injected under 
the skin but only if given intradermally. This would readily ex- 
plain the negative results obtained by Schaudinn. There is a cer- 
tain agreement, but by no means constant, in our results which sug- 
gests that individuals after prolonged stay in association with this 
mosquito, are immune to this poison. Dark skinned individuals 
seem to be more immune than those having fair skins. The delayed 
reaction is difficult to understand and we offer no explanation for 
this. We have been unable to immunize individuals by repeated in- 
jection of the poison; they are still susceptible to the mosquito and 
to the extract after 8 or 10 daily injections. Furthermore we have 
been unable to produce local immunity in a given skin area by re- 
peated injections of the extract. Intravenous injection of the ex- 


5 Hecht, Arch. f. Schiffs wu. Tropen-Hygiene, 1928, xxxil, 561. 
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tract into rabbits in an attempt to produce an immune serum have 
failed to produce a serum which would neutralize the poison. The 
poison is not destroyed by freezing to —12° C. for 5 hours or by 
heating in a boiling water bath for 10 minutes. The extract does 
not produce hemolysis of human red cells or does it prevent coagu- 
lation of the blood. This is in agreement with the work reported 
by Yorke and Macfie on this mosquito. The extract is without 
effect when injected intracutaneously into guinea pigs. The nature 
of this toxic substance remains unknown (toxin, foreign protein, 
etc.) but will be the subject for future investigation. 


4528 


Phloridzin Diabetes and Vital Staining. 


B. M. FRIED. (Introduced by Reid Hunt.) 
From the Surgical Department of the Peter Bent Brigham Hospital, Boston. 


Since the introduction in experimental pathology of vital staining 
of animals this method has been widely employed for the study of 
the physiology of the macrophage (Reticulo-Endothelial) system. 
In a number of instances this method has been used in conjunction 
with bacterial infections in the experiments with the so-called block- 
ade of the reticulo-endothelial apparatus. 

The investigation to be reported concerns itself with experiments 
on vital staining of animals treated with phloridzin. This substance 
leads to an outstanding glycosuria which, according to older ob- 
servers is renal in origin. Present investigations have shown that 
beside the kidneys chronic phloridzin intoxication also leads to 
marked pathologic changes in other visceral and hematopoetic 
organs. 

From a chemical standpoint, although the intimate mechanism 
of the glycosuria is not clear the loss of the function of carbohydrate 
oxidation is considered as being almost complete; and for practical 
purposes the disease is regarded as being close to diabetes mellitus 
(Nash’). It is obvious that the faulty metabolism of the carbo- 
hydrates carries with it an impairment in the combustion of fats 
and proteins. 

Chronic phloridzin intoxication is therefore from histopathologic 


1 Nash, T. P., Phys. Reviews, 1927, vii, 385. 
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as well as from chemical standpoints a condition in which the entire 
metabolic apparatus is involved. 

The purpose of this investigation was then to study the response 
of animals with this disease to vital staining. 

Full grown rabbits were used in the experiments which were 
divided into 2 groups: 1, animals were primarily stained for a cer- 
tain period of time and then were in addition “phloridzinized” ; 
2, animals were at first “phloridzinized” and this was later accom- 
panied by vital staining. One per cent trypan blue diluted in physio- 
logic sodium chloride was daily injected in the marginal ear of the 
rabbit’s vein in the amount of 3 cc. per kilo body weight. One gm. 
of phloridzin Merck diluted in 1.2% of sodium carbonate or emul- 
sified in 7 cc. of olive oil respectively was daily injected subcutan- 
eously. 

The diet of the rabbits consisted of oats and water. 

Rabbits, unlike dogs, resist for a considerable length of time 
phloridzin intoxication: thus, some control animals received 30 gm. 
of the drug in a period of 30 days without any appreciable loss of 
weight. On the other hand, vital dye in reasonable concentrations 
can be administered to animals, almost indefinitely. 

The present experiments have shown in the first place that when 
rabbits are treated simultaneously with phloridzin and vital dye 
they fail much more rapidly than those that receive only one sub- 
stance. 

Another point of interest is as follows: Older observers, and of 
recent investigators Fischler,” and Peskin® stated that phloridzin 
intoxication deprives the animal of its power to store glycogen 
(glycogenoprive Intoxikation). This is true when phloridzin is 
administered in sodium carbonate (1.2%). But when phloridzin is 
given in an emulsion with olive oil (1 gm. to about 7 cc. of oil) the 
power of the animal to store glycogen is retained, being almost 
equal to the normal control. But, here too, in animals sumultaneously 
treated with phloridzin in olive oil and vitally stained the hepatic 
cells show no or only slight traces of glycogen. 


*I wish to express my obligations to Dr. Cyrus H. Fiske of the Department of 
Biologie Chemistry, Harvard Medical School, for his suggestions during the per- 
formance of this study. 

* Fischler, F., Beitz. 2. Path. Anat. u. 2. Allg. Path., 1927, Ixxvii, 217. 

3 Peskin, A. R., Biochem. Z., 1928, cii, 5. 
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4529 
Locke’s vs. Tyrode’s For Perfusion of Segments of Intestine. 


ROSS C. B. THORNTON anp HARRY L. LEAVITT. 
(Introduced by G. E. Burget.) 


From the Department of Physiology, University of Oregon Medical School. 


In previous work Tyrode’s solution seemed to be inferior to 
Locke’s for the.perfusion of intestinal segments. MacLeod’ states: 
“Although undoubtedly superior for some perfused preparations, 
such as the intestine, it does not seem to be in any way superior to 
Locke’s for the perfusion of the heart.” It seemed desirable to in- 
vestigate further the value of these solutions for intestinal perfu- 
sion under the ordinary laboratory procedure. 

Segments of the small intestine of the rabbit and cat were used. 
The segments were taken well below the duodenum because the 
jejunum and ileum are less erratic in activity. 

Phe> solutions” used “were: Locke's’ Na€l, "0.90%. KCl, 
0.042%; NaHCO, 0.032%; CaCl.-2H2O, 0.024%; dextrose, 
0.1%. Tyrode’s*® NaCl, 0.80%; KCl, 0.02%; NaHCOs, 0.10%; 
CaCl,-2H.O, 0.02% ; MgCl, 0.01% ; NaH,PO,, 0.005% ; dextrose, 
0.1%. The salts were accurately weighed and the solutions freshly 
prepared. The same stock of C. P. chemicals was used throughout. 
The Magnus type of apparatus was used, the volume of which was 
200 cc. 

The animal was stunned, bled from the carotid artery, and the 
abdomen opened at once. A segment was taken well below the duo- 
denum and from this the required number of smaller segments were 
cut and dropped into their respective solutions. As short a period 
of time as possible was allowed to elapse from the moment the ani- 
mal was stunned until the individual segment was attached to its 
respective piece of apparatus. 

The pH of the solutions was obtained by the quinhydrone elec- 
trode. When a change of pH was desired a bath of warmed fresh 
solution was substituted for the bath already in use. When adrena- 
lin was used, 1 or 2 drops of 1'to 10,000 solution prepared from 
Adrenalin, 1 to 1,000, Parke Davis, was added to the bath at a 
constant point. Aeration was accomplished by forcing air through 
a small size glass tube at the rate of about 200 bubbles per minute. 


1 MacLeod, J. J. R., ‘‘Physiology and Biochemistry in Modern Medicine,’’ 
5th edition, C. V. Mosby Co., 383. 

2 Locke, F. S., and Rosenheim, O., J. Physiol., 1907, xxxvi, 205. 

3 Tyrode, M. V., Arch. Intern. de Pharm. et de Therap., 1910, xx, 205. 
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The temperature varied between 36° C. and 38° C. This change of 
temperature does not appreciably alter the activity of the segment. 

After the segments are placed in their respective baths there is a 
period of inactivity, the duration of which depends upon the kind of 
perfusion bath and the amount of chilling to which the segment has 
been subjected. A segment perfused in Tyrode’s or one that has 
cooled much below body temperature has a longer period of inac- 
tivity than a segment bathed in Locke’s or a segment whose tem- 
perature has not been allowed to fall much below body temperature. 

The recorded amplitude of the movements of the segments varies, 
of course, with length of lever arm, length of segment, etc., but 
these factors were controlled. The length of time a segment has 
been in action also affects the amplitude; early it is small and irreg- 
ular, later it increases and becomes regular and after 3 or 4 hours 
it slowly decreases. For a given segment the amplitude is greater 
when perfused in Locke’s than when in Tyrode’s. 

Shortly after the beginning of rhythmical movements the seg- 
ments bathed in Tyrode’s solution rapidly lose the greater part of 
their tonus while the loss of tonus of segments in Locke’s is more 
gradual and less complete. If one substitutes Locke’s for Tyrode’s 
after the segment in Tyrode’s has lost its tonus a portion of the 
lost tonus is regained and if it is now replaced into Tyrode’s it will 
again rapidly lose the regained tonus. 

If adrenalin is added when the segment is bathed in Locke’s the 
loss of tonus is greater than when in Tyrode’s, indicating that in the 
former the segment has greater residual tonus. The interval of 
depression is shorter in Locke’s than in Tyrode’s. If a segment in 
Tyrode’s has been long inactive from the action of adrenalin it may 
be activated by substituting Locke’s for Tyrode’s; this does not hap- 
pen if fresh Tyrode’s is substituted. 

A fairly constant pH was obtained, Locke’s, pH 7.6, Tyrode’s, 
pH 7.78. During the experiment due to the active aeration the pH 
increases to 8.05 for Locke’s and 8.2+ for Tyrode’s. The pH 
was not purposely altered during the experiment by the use of chem- 
icals but when a lower pH was desired a fresh bath was substituted 
for the used bath. This procedure shows that a change of pH 
within the limits given does not materially alter the activity of the 
segment. 

Although there are individual differences in the segments it has 
been observed that as a rule those segments immersed in Locke’s 
maintain ,their activity at a higher level and for a longer period of 
time than do those in Tyrode’s solution. 
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The difference in effectiveness of these 2 baths was not, in our 
experiments, due to dextrose or concentration of magnesium chlo- 
ride. Sollman* has recently suggested that there exists an opti- 
mum concentration of buffer substances in perfusion baths and that 
this concentration varies with the size of bath and its effective 
aeration. 

Under the conditions described a segment of rabbit’s or cat’s 
small intestine perfused in Locke’s solution has a shorter period of 
inactivity, less early irregular activity, more gradual and less com- 
plete loss of tonus, a greater amplitude of contraction, the ability 
for more rapid recovery from adrenalin and greater duration of 
activity than a segment perfused in Tyrode’s solution. 


45 30 


Reciprocal Activity of the Muscle Coats of Guinea Pig Intestine. 


A. J. HOCKETT. (Introduced by C. H. Thienes.) 


From the Department of Pharmacology, Uniwersity of Oregon Medical School, 
Portland, Oregon. 


Some years ago, Gayda' reported a coordinated reciprocal activ- 
ity of the muscle coats of guinea pig intestine, but his work received 
little notice. More recently, Hanzlik and Butt? have shown a similar 
mechanism in the crop of the pigeon. Using Gayda’s modification 
of the Trendelenberg method,’ and a further modification to prevent 
pressure changes in the lumen of the gut, I have been able to confirm 
the above workers, in that 19 of 26 segments exhibited the recipro- 
cal activity of the 2 main muscle coats; 7. e., contraction of the 
longitudinal muscle was accompanied by relaxation of the circular 
muscle, and vice versa. Four of the remaining 7 segments devel- 
oped reciprocal activity after treatment with atropine and nicotine. 
The effects were the same for duodenum, jejunum, and ileum and 
occurred in segments from each of 7 animals. Furthermore, the 
reciprocal activity of the muscle coats of the small intestine was evi- 
dent during the action of epinephrine, pilocarpine and barium chlo- 


4Sollman, T., von Oettingen, W. F., and Ishikawa, Y., Am. J. Physiol., 1928, 
lxxxv, 118. 

1 Gayda, T., Arch. f. d. ges. Physiol., 1913, cli, 407. 

2 Hanzlik, P. J., and Butt, E. M., Am. J. Physiol., 1928, Ixxxv, 271. 

3 Trendelenberg, P., Arch. exp. Path. Pharm., 1917, lxxxi, 55. 
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Reciprocal response of the muscle coats of the intestine to epinephrine and 
barium. 


ride. For example, epinephrine relaxed the circular muscle and 
increased the tone of the longitudinal muscle; barium chloride and 
pilocarpine produced relaxation of the longitudinal muscle and con- 
traction of the circular. The action of epinephrine and of barium 
chloride is shown in Fig. 1. 


4531 
A Study of the Blood of the Mother and New Born. 


H. RAY ALLUMBAUGH. (Introduced by Dr. G. E. Burget.) 


From the Department of Physiology, Unwersity of Oregon Medical School, 
Portland, Oregon. 


Reports on the red cell count and hemoglobin content of the 
blood of the new born are at considerable variance. Williamson’ 
gives the hemoglobin as 23.25 gm. per hundred cc., while others 
have placed the figure as low as 15.6 gm.’ Red cell counts vary 
almost as widely with different investigators. This may be explained 
by the fact that many different methods of hemoglobin estimations 


1 Williamson, Arch. Int. Med., 1916, xviii, 505. 
2 Haden and Neff, Am. J. Dis. Child., 1924, xxviii, 458. 
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have been used, and, further, to the fact that the blood of the new 
born changes rapidly. The steady fall in both red cells and hemo- 
globin in the first 2 weeks is well known. Lippman’ pointed out a 
rapid rise in the blood count in the first 6 hours of life. Conse- 
quently, we considered that blood taken from the umbilical cord 
would give more accurate information than the common method of 
drawing blood at any time during the first 24 hours, especially since 
we desired to compare the blood of the baby with that of the mother. 

Red cell count and hemoglobin estimations were made on 50 
pregnant women at term, using oxalated venous blood obtained 
from a few minutes to 5 days before delivery. None of these 
women presented any recognized pathological condition. The baby’s 
blood was collected in sterile oxalated tubes (dry) at the time the 
cord was cut. Check estimations were done and the average is the 
figure used. The hemoglobin was estimated by the Sahli method, 
using Haskin’s permanent inorganic standard. 

Of the 50 babies, 27 were males and 23 were females. The re- 
sults were essentially the same for both sexes, so we do not report 
them separately. 

The average red cell count of the new born was 5.52 million per 
cmm., with minimum count of 4.45 million and a maximum of 
6.52 million. Lucas* reports an average of 5.51 million for 36 cases 
and Sanford’ found an average of 5.8 million in 200 cases counted 
during the first 24 hours. The hemoglobin average of the babies 
was 16.85 gm. (122% Sahli). The highest in the series was 19.87 
gm., the lowest 14.08 gm. A white cell count was made on 37 of 
the cord blood specimens. Our average count was 17,110, which 
does not vary widely from counts previously reported. 

The red cell count on the 50 mothers gave an average of 4.21 
million. The women with the lowest count had 3.29 million, and 
the highest had 5.23 million. The average mother’s hemoglobin was 
10.9 gm. (79%). The maximum was 14.9 gm. and the minimum 
was 7.04 gm. Ina recent report, Lyon® found an average hemo- 
globin of 10.4 gm. (75.3% Sahli) on 177 women at or near term. 
He does not report a simultaneous check on the child’s blood. 

Osgood’s’ average for normal non-pregnant women was 4.8 mil- 
lion reds and 13.7 grams of hemoglobin. By comparison we find 
the mothers are deficient 600,000 red cells, or, 13% below normal. 

3 Lippman, [bid., 1924, xxvii, 471. 

4 Lucas, et al., Ibid., 1921, xxii, 525. 

5 Sanford, [bid., 1928, xxxv, 9. 

6 Lyon, J. ‘Am. Med. Assn., 1929, xcii, 11. 

7 Osgood and Haskins, Arch. Int. Med., 1927, xxxix, 643. 
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The hemoglobin is lowered 2.8 gm. or 20%. This is the secondary 
anemia type. 

The blood of the average baby contained 1.31 million red cells 
and 5.95 gm. of hemoglobin more than the blood of the average 
mother. Comparison of individual cases seems to present 2 types. 
In the case of the new born with 14.08 gm. of hemoglobin, the 
lowest of the babies, the mother had 9.11 gm. That is, the child is 
17% below the babies’ average and the mother is 14% below the 
average for the mothers. The child with the highest hemoglobin 
(19.87 gm.) is 12% above the average, and the mother of the child 
is 11% (12.56 gm.) above the average of the pregnant women. 
This suggests that the blood quality of the child may be expected 
to be in rather direct proportion to that of the mother. We find a 
similar condition in 29 (58%) of the cases. On the other hand, 
the mother with the highest hemoglobin (14.9 gm.) is 14% above 
average, whereas the child is 11% below average with 15.04 gm. 
In 24% of the cases there was such a change in the balance in favor 
of the mother. The woman with the lowest hemoglobin (7.04 gm.) 
is 30% below average for the mothers and almost 50% below nor- 
mal. Her child, however, has a normal hemoglobin of 16.7 gm. 
Cases in which the balance is in favor of the child make up 18% of 
the series. These comparisons suggest that the “placental barrier” 
may function in one instance to conserve blood building elements 
for the mother at the expense of the child, and in another the child 
may be favored with material loss to the mother. This is not es- 
tablished by this experiment, but we hope to report further studies to 
clarify this point. Particular attention will be paid to cases which 
vary widely from the average or normal here established. 
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Effect of Lithium, Ammonium, Strontium and Barium Ions Upon 
the Heart Rhythm of the Crayfish. 
V. F. LINDEMAN. (Introduced by O. M. Helff.) 


From the Zoological Laboratory, State University of Iowa. 


The experiments on which the present observations are based are 
a continuation of a previous investigation (Lindeman?) on the effect 
of various ions upon the heart rhythm of the crayfish Cambarus 


1 Lindeman, V. F., Physiol. Zool., 1928, i, 576. 


Jonic Errect on Heart RHYTHM 817 


clarkii. However, instead of employing the normal blood ions, a 
group of closely allied ions, found in the same periodic classification 
of metals were employed, namely, Li, NH, Sr and Ba. 

The species of crayfish used was that of Cambarus clarkti. The 
same general technique was employed for obtaining graphic records 
as described in the above investigation. A normal perfusing solu- 
tion containing 1% NaCl+ 0.028% KCl+ 0.024% CaCl, was 
employed as a control bath and as a basis for observing the effect of 
the solutions containing different ionic concentrations. The author 
has demonstrated in a previous paper that a 1% NaCl solution pro- 
duces for a time a rapid decrease in tone and an increase in rate and 
amplitude of the beats. With continuous application, arrest is pro- 
duced in about 30 minutes. 

1% LiCl causes an increase in tone, followed shortly by arrest. 
However, upon the application of a 0.5% LiCl solution to the heart 
of a crayfish which has been beating normally with a normal per- 
fusing solution, a decrease in tone immediately follows, coupled with 
an increase in rate and amplitude. With continued perfusing the 
rate and amplitude slowly decrease, with ultimate arrest in about 25 
minutes. Because of the apparent similarity of 0.5% LiCl and 
the 1% NaCl in their action upon the heart rhythm of the crayfish, 
an attempt was made to replace part of the NaCl in the normal per- 
fusing solution with LiCl. If the intact heart is perfused with a so- 
lution containing 0.3% LiCl + 0.7% NaCl + 0.028 KCl + 0.024% 
CaCl,, it will continue to beat normally for several hours. An at- 
tempt to completely replace the NaCl by LiCl proved less successful. 
Upon substituting a 0.5% LiCl solution for the 1% NaCl in the 
normal perfusing solution, a slight increase in tone occurs, coupled 
with a slight increase in rate and amplitude of the beats. However, 
with continued perfusing the amplitude slowly decreases resulting 
ultimately in stoppage after a period of 45 minutes. The results 
obtained by the writer for crayfish compare favorably with those 
obtained by Hogben’ for Homarus, demonstrating that Li is unable 
to completely replace Na in the perfusion media. Within certain 
limits, however, Li and Na are quite analogous in their effects upon 
the heart rhythm of the crayfish. 

It is generally recognized that Sr resembles Ca in its physiological 
action upon tissues and is capable within certain limits of replacing 
Ca in some physiological processes. Upon the application of a 
0.024% SrCl, solution to the intact heart of the crayfish, a sharp 
increase in tone immediately follows, coupled with a slight irregu- 


2 Hogben, L. T., Quar. J. Exp. Physiol., 1925, xv, 263. 


818 SCIENTIFIC PROCEEDINGS 


larity in the rhythm and ultimately arrest in about 5 minutes. Sub- 
sequent application of normal perfusing solution results, in time, in 
complete recovery of the normal rhythm. In order to test the fur- 
ther relationship of Ca and Sr in their effect upon the heart rhythm 
of the crayfish, a 0.020% solution of SrCl. was substituted for the 
0.024% CaCl, in the normal perfusing solution. Upon the applica- 
tion of such a solution to the heart a slight increase in tone gener- 
ally occurs, coupled with a slight decrease in rate. With continuous 
perfusing this rhythm will continue in some cases for as long as 5 
hours. It is therefore concluded that Ca and Sr have somewhat 
analogous effects upon the heart rhythm of the crayfish. 

The power of Ba to replace Ca in this respect is undoubtedly very 
much more limited, although it is probably not entirely lacking. BaCl, 
always produces an increased tone of the heart which leads ulti- 
mately to systolic standstill. 

Upon the application of a 0.024% BaCl, solution an increase in 
tone occurs, followed by an irregularity in the pulsations. Systolic 
arrest is generally obtained in less than 2 minutes. When 0.020% 
BaCl, is substituted for the 0.024% CaCl, in the normal perfusing 
solution and perfused through the heart a slight increase in tone 
occurs. With continued perfusion there is a slow decrease in the 
amplitude and force of the beats resulting ultimately in arrest in a 
few minutes. 

NH,Cl likewise has a depressor effect upon the heart rhythm of 
the crayfish. Upon the application of a perfusing solution contain- 
ing 1% NaCl+ 0.040% NH,Cl+ 0.028% KCI+ 0.024 CaCl, 
there occurs an increase in tone, a decrease in rate and amplitude, 
with systolic arrest within a few minutes. No recovery can be 
obtained. 


4533 
Inhibition of Oestrus in the Rat by Extracts of Corpus Luteum.* 
H. O. HATERIUS ann J. J, PFIFFNER. (Introduced by W. W. Swingle.) 


From the Zoological Laboratory, State University of Iowa, 


Although no data are recorded, Pereyra’ (on the guinea pig) and 
Hisaw* (on the rat) pointed out the fact that inhibition of oestrus 
was obtained by acid alcoholic extracts of corpus luteum, but neither 


“The expenses of this investigation were defrayed by a grant from the Na- 
tional Research Council, Committee on Research in Problems of Sex. 
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gave details of procedure. Parkes and Bellerby,*? working on mice, 
obtained an active preparation by extracting freshly dissected luteal 
tissue with ether. Macht, ef al.,* obtained active preparations from 
de-fatted desiccated luteal tissue both by dilute ethyl alcoholic and 
by ethyl acetate extraction. 

Extraction of the oestrus-inhibiting principle from corpora lutea 
by means of organic solvents has met with varying degrees of suc- 
cess in this laboratory. Press juice gave positive results but there 
was a severe local reaction and the activity rapidly disappeared. 
Consistent positive results were obtained with both methyl alcoholic 
extraction and acidified methyl alcoholic extraction of fresh luteal 
tissue obtained from sow ovaries. The luteal tissue was hand dis- 
sected within 8 hours after removal of the ovaries. A typical exper- 
iment is included to show the general method of extraction which 
has given the most striking results: 250 gm. freshly shelled corpora 
lutea are thoroughly hashed and treated gradually with 625 cc. 
methyl alcohol. After standing from 12 to 15 hours at room tem- 
perature with frequent agitation the mixture is strained through 
muslin and the glandular residue thoroughly expressed. The 
strained fluid is filtered and the filtrate evaporated before a fan. 
The residue is suspended in normal saline solution so that 1 cc. rep- 
resents 10 gm. of fresh corpora lutea. An active extract was also 
obtained using methyl alcohol containing 1% acetic acid. Control 
extracts were prepared in the same manner from fresh muscle 
tissue. 

Each test animal received the equivalent of 5 to 10 gm. of tissue 
per day administered subcutaneously. Only animals displaying nor- 
mal cycles were used. Cycles were followed by means of the vaginal 
smear method. 

Experimental dioestrous intervals ranging from 8 to 22 days 
were observed in 4 of the 8 test animals receiving extract prepared 
as described. The remaining 4 animals responded with dioestrous 
intervals of 6 to 13 days. Of the 8 animals on extract prepared with 
acidified methyl! alcohol all but one responded, none of them coming 
into oestrus during the period of injection; control extracts did not 
disturb the oestrus cycle. 

Further work on the purification of these extracts is in progress. 


1 Pereyra, A., Anat. Rec., 1928, xxxviii, 57. 

2 Hisaw, F. L., Physiol. Zool., ui, 59. 

3 Parkes, A. S., and Bellerby, C. W., J. Physiol., lxiv, 233. 

4 Macht, D. I., Stickels, A. E., and Seckinger, D. L., Am. J. Physiol., Ixxxviii, 
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4534 
The Possible Oestrus-Inducing Effect of Commercial Taurocholate.* 


H. O. HATERIUS, J. J. PFIFFNER anp W. O. NELSON. 
(Introduced by W. W. Swingle.) 


From the Zoological Laboratory, State Unwersity of Iowa. 


Gsell-Busse? has recently reported the production of oestrus in the 
rat and mouse through the administration of commercial prepara- 
tions of sodium taurocholate—a subcutaneous dosage of 30 mg. 
bringing about oestrus in about 60 cases, tested according to the 
method of Allen and Doisy.* 

Striking results were also obtained in the promotion of uterine 
hypertrophy, both in immature and in spayed adult rats. The uteri 
in sexually immature rats increased from 2% to 5% times the size 
of controls, following 14 days’ subcutaneous injection of 25 mg. 
commercial taurocholate daily. Similar results were obtained in 
young rabbits and guinea pigs. Precocious sexual maturity was 
induced in immature rats by administration of 20 mg. of taurocho- 
late in two doses, oestrus appearing at the end of two days. 

The same author also reported the prolongation of the oestrous 
phase in rats by repeated daily injections of 25 gm. of taurocholate. 
Oestrus appeared in two days and persisted throughout the period 
of injection—from three to six weeks in some instances. 

In attempting to repeat this work the authors have been unable 
to confirm Gsell-Busse. Following is a brief summary of results 
obtained. 

Production of oestrus: Five spayed adult female rats received sub- 
cutaneously 30 mg. of commercial sodium taurocholate (Merck) 
daily. No animal came into oestrus (tested by the vaginal smear 
technique )even though the injections were continued for one week. 
On the contrary, severe diarrhea set in on the third day and lasted 
throughout the course of injection. The animals developed severe 
local reactions at the site of injection, became “droopy”, and were 
found upon autopsy at the end of seven days’ injection to have the 
typical genital atrophy of castration. Another commercial prepara- 
tion of sodium taurocholate (Eastman) was tried on five experi- 
mental animals, with the same results. A similar series treated with 
sodium glycocholate (Merck) also failed to respond. 


* The expenses for this investigation were defrayed by a grant from the Na- 
tional Research Council, Committee on Research in Problems of Sex. 

1 Gsell-Busse, A. A., Arch. f. d. ges. Physiol., 1928, cexix, 626. 

* Allen, E., and Doisy, E. A., Am. J. Anat., 1922, xxx, 297. 


OESTRUS AND TAUROCHOLATE 821 


Induction of precocious sexual maturity: A litter of eight imma- 
ture (30 day) female rats was utilized; two being given sodium 
taurocholate, two sodium glycocholate, and four kept as controls. 
Subcutaneous injection twice daily of 15 mg. each failed to produce 
precocious sexual development, although injections were continued 
for eight days. Severe diarrhea set in on the third or fourth day 
and the rats suffered some degree of general emaciation. At the 
end of eight days they were appreciably smaller than the controls. 
Injections produced severe local reactions. 

Gsell-Busse also reported an “‘antimasculine” effect of sodium 
taurocholate. He found that injections of 20 mg. daily for 19 days 
resulted in a marked retardation of development of the testes in 
young experimental animals. In attempting to repeat this experi- 
ment on rats the authors obtained essentially the same results, but 
the disparity in weight between experimental animals and litter con- 
trols was found not to be confined to the genitalia but was true for 
the animal as a whole. Typical data are tabulated below. 

Four litter mate males (35 days old); two on taurocholate 
(Merck), two as controls. At the end of 14 days’ injection of 20 
mg. per day the following weights were recorded at autopsy : 


Injected body weight left testicle right testicle kidney 
Rat No. I 130 gm. 0.382 gm. 0.830 gm. 1.222 
Rat No. II 127 gm. 0.615 gm. 0.430 gm. 

Controls 

Rat Nowl~ 205° ‘em. 1.248 gm. 1.683 gm. 1.857 
Rat No. IT — 203.5 gm. 13133, 9mm. Jako e 


Essentially the same results were obtained with commercial so- 
dium glycocholate. 

It appeared obvious from the foregoing results, and also from 
the work of Horrall and Carlson’ that cholate salts, instead of pro- 
moting oestrus, were actually inimical in their effect upon the ani- 
mal. This suggested the following experiment. 

Antagonistic effect of taurocholate to Estrogen. (Estrogen sup- 
plied by Parke, Davis & Company.) Three spayed females were 
given three subcutaneous injections six hours apart of Estrogen (a 
total of 2 rat units), along with three 15 mg. subcutaneous injec- 
tions of taurocholate (Merck). Three controls received the same 
amount of Estrogen without being given taurocholate. The controls 
came into typical oestrus on the third day, whereas those which re- 
ceived both Estrogen and taurocholate failed to display any change. 


3 Horrall, O. H., and Carlson, A. A., Am. J. Physiol., 1928, Ixxxv, 591. 
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It is to be concluded that the commercial preparations of sodium 
taurocholate used in this study do not contain a principle similar in 
action to the ovarian hormone. 


4535 


Studies on Simple Goiter Produced by Cabbage and Other 
Vegetables. 


DAVID MARINE, EMIL J. BAUMANN anp ANNA OIPRA. 


From the Division of Laboratories, Montefiore Hospital, New York. 


Chesney, Webster and Clawson” * * have shown that when fresh 
cabbage (Brassica oleracea) is fed to rabbits as the principal food, 
clinically detectable thyroid hyperplasia occurs in 2 or 3 months, 
and with continued cabbage feeding very large goiters (up to 45 
gm.) have been produced. They further showed that the develop- 
ment of goiter was associated with a lowering of the metabolism 
and that the administration of small amounts of iodine readily 
raises the metabolic rate in goiterous rabbits and prevents thyroid 
hyperplasia. In these respects, as well as histologically, the thyroid 
hyperplasia produced by feeding cabbage is identical with that of 
simple or endemic goiter. 

We have confirmed these findings. 

Boiling or steaming cabbage for 30 minutes increases its capacity 
to produce thyroid hyperplasia. Steaming for 15 minutes is less 
effective and steaming for 60 minutes renders it neither more nor 
less potent than for 30 minutes. Steamed cabbage from which 60% 
of the weight is removed as press juice is practically as effective as 
whole cabbage when fed in calori-equivalent amounts. Hashed 
fresh cabbage has very little capacity to produce thyroid hyperplasia, 
while hashed steamed cabbage fully retains this quality. In our 
hands the press juice of 500 gm. of steamed cabbage (300 cc.) 
| when fed daily to rabbits whether whole or concentrated in vacuo 
was only slightly effective. 

Rabbits previously iodized and fed with fresh cabbage up to 75 
calories per kg. per day (3 gm. of cabbage are equivalent to approx- 


1 Chesney, A. M., Clawson, T. A., and Webster, B., Johns Hopkins Hosp. Buil., 
1928, xliii, 261. 


* Webster, B., Clawson, T. A., and Chesney, A. M., Johns Hopkins Hosp. Bull, 
1928, xliii, 278. 


* Webster, B., and Chesney, A. M., Johns Hopkins Hosp. Bull., 1928, xliii, 291. 
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imately 1 calorie) developed palpable thyroids in about 30 days, 
while with the same amount of steamed cabbage only 10 to 15 days 
were necessary. The lowering of the metabolic rate to the thy- 
roidectomy level (from about 2.4 to 1.75 calories per kg. per hour) 
would also occur in about half the time required if fresh cabbage 
were used. Winter cabbage is much more effective than summer 
cabbage. Steamed winter cabbage is effective when fed in amounts 
as low as 25 calories per kg. per day. It may be effective below this 
level although this cannot be stated with certainty because the thy- 
roid is very labile and, as is well known, hyperplasia may be pro- 
duced by a great variety of food stuffs, cracker dust to mice (Hunt), 
fats to pigeons (McCarrison), liver to dogs, fowls, trout (Marine 
and Lenhart). Fresh or steamed carrots (Daucus carota) and let- 
tuce (Lactuca sativa) when fed in amounts up to 75 calories per kg. 
per day have no thyroid hyperplasia producing qualities. Mangel 
roots (Beta vulgaris, var. macrorhiza) when fed either fresh or 
steamed have slight goiter producing qualities. Fresh turnip (Bras- 
sica campestris and Brassica rapa) is practically ineffective. If 
steamed for 30 minutes, turnip has a moderate goiter producing 
quality. Brussels sprouts (Brassica oleracea, var. bullata gem- 
mifera) and cauliflower (Brassica oleracea botrytis) also produce 
thyroid hyperplasia approximately to the same degree as cabbage 
and their goiter producing quality is likewise greatly increased by 
steaming. 

The isolation of a powerful reducing substance from cabbage 
and also from ox suprarenal cortex by Szent-Gyorgyi* which he 
identified as a hexuronic acid suggested the possibility that this 
substance might be a factor in the production of thyroid hyperplasia 
since such a reducing factor could be correlated with our often 
expressed conception that the suprarenal cortex contains a hor- 
mone capable of exerting a regulatory or inhibitory effect on many 
physiological activities including heat production. Sterile frac- 
tions containing this substance in amounts varying from 16 to 32 
mgm. (as determined iodometrically ) injected into rabbits intraper- 
itoneally daily for 30 days did not produce thyroid hyperplasia. In- 
deed, the opposite effect (involution) occurred. 

Although cabbage is an excellent food for rabbits it is evident 
that it contains a powerful goiterogenic agent which can be de- 
stroyed by enzymes existing in the plant and which can be preserved 
for many days when these enzymes are destroyed by heat. Like 
other goiterogenic agents it exhausts the thyroxine store in the 


4 Szent-Gydérgyi, A., Biochem. J.; 1928, xxii, 1386. 
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thyroid and hyperplasia follows when this exhaustion reaches the 
critical level. The thyroid hyperplasia is therefore due immediately 
to a relative deficiency of iodine and an iodine store sufficient to 
maintain normal thyroid structure for from 3 to 6 months may be 
exhausted in 2 weeks by feeding steamed cabbage. The possibility 
that the thyroid hyperplasia due to feeding cabbage is dependent 
upon an absolute iodine deficiency can be dismissed. 

The mode of action of this goiterogenic agent is unknown, al- 
though the data available suggest that it acts by depressing some 
oxidation system which the thyroid attempts to overcome. 


45 36 


Contribution to the Problem of the Origin and Development of the 
Sympathetic Nervous System. 


ERNEST VAN CAMPENHOUT.. (Introduced by H. S. Burr.) 


From the Department of Anatomy, Yale University School of Medicine. 


Three theories have been proposed regarding the origin of the 
sympathetic elements, the neural crest, the ventral half of the spinal 
cord, or the mesodermal tissue. The experimental method alone is 
able to give a satisfactory answer to this problem. 

In embryos of Rana pipiens, at the stage of open or closing neural 
folds, the author has removed the neural crest from the hindbrain 
to the tip of the tail; the entire spinal neural crest and the dorsal 
half of the spinal cord were excised by that procedure. Many oper- 
ated embryos live as long as 45 days after the operation. Their size 
was very much reduced if compared with the control animals and 
they showed marked deficiency in their sensitivity. The micro- 
scopic study of these embryos shows the absence of the spinal and 
sympathetic ganglia throughout the entire trunk region. The motor 
roots are present in all segments but are lacking sheath cells. The 
spinal cord shows normal motor neurones; the Rohon Beard ele- 
ments are absent and the central canal is more or less dilated. The 
chromaffin part of the adrenals is undeveloped and the digestive 
tube does not show any nervous elements in its walls. 

The removal of the hindbrain at the same embryonic stage does 
not interfere with the development of a vagal ganglion. Its visceral 
branch is, however, absent. The visceral portion of the vagus nerve 
seems to be exclusively derived from the medullar neural crest, the 
other components originating from the placodes. In these embryos 
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the central and peripheral parts of the sympathetic system are well 
developed; the adrenals show their 2 constituting anlagen and the 
intestinal walls contain nervous elements. ; 

The 2 experimental series strikingly confirm each other and they 
show that, in the frog, the neural crest represents the exclusive 
source of sympathetic elements, that the visceral branch of the vagus 
nerve is derived from the medullar neural crest and that the nervous 
elements in the intestinal walls are to be related to the sympathetic 
system. 

The study of a series of normal chick embryos, stained with ordi- 
nary techniques or impregnated by various silver methods, gives 
very clear pictures concerning the different points of the develop- 
ment of the sympathetic system. There is no evidence of a succession 
of 2 independent sympathetic chains. Around the sixth day of in- 
cubation, the communicating rami become shorter, thus probably cor- 
responding to a neurobiotactic phenomenon resulting from the pene- 
tration of motor fibers into the sympathetic ganglia. The exclusive 
origin of the elements of the sympathetic chains seems to be the 
ganglionic crest and no migration was found along the ventral roots. 
The vagus nerves supply the primary innervation to the lungs, to 
the heart and to both gastric pouches. The small intestine, from 
the pylorus on, is innervated primarily by sympathetic branches and 
there is no evidence of any participation of the vagus nerves as late 
as the eighth day of incubation, when the intestinal walls show a 
perfectly developed nervous supply with myenteric and submu- 
cous plexuses. 

The neural crest origin of the sympathetic elements and the 
sympathetic origin of the intestinal nervous structures are the main 
conclusions of this contribution. | 
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I. Effect of Intravenous Injections of Sodium Sulphide and Sodium 
Cyanide on Reflex Response of Anterior Tibialis Muscle. 


HAROLD H. GAY. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


Glazer! has shown that intravenous injection of sodium cyanide 
increases the reflex response of the anterior tibialis muscle to elec- 
trical stimulation. The purpose of this group of experiments was 


1 Glazer, W., Am. J. Physiol., 1929, Ixxxviii, 562. 
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to make a similar comparison of the effects of intravenous injec- 
tions of sodium sulphide on reflex response and respiratory move- 
ments. 

The anterior tibialis muscle was isolated, its insertion severed and 
secured by a thread to a writing lever. A large copper indifferent 
electrode was fastened to the shaven side of the neck, and a sharp 
point electrode thrust into the plantar surface of the foot. The 
trachea was connected to a rebreathing tank for a recording respira- 
tion. 

An increase in reflex response always followed an injection 1f it 
were large enough. Forty-four injections of varying amounts were 
given to 17 dogs. Two injections caused an increase before hyperp- 
nea had begun, 8 increases began with hyperpnea, and ended with it, 
10 began during hyperpnea and lasted into apnea, 12 began during 
hyperpnea and lasted through apnea and 4 began after hyperpnea 
and lasted through apnea. Eighteen injections were followed by 
no apnea. Fatal injections always caused a pronounced increase in 
reflex response. 

Since hyperpnea leads to increased elimination of carbon dioxide 
it was essential to determine whether the increased reflex response 
was of this origin. This was accomplished by repeating the above 
experiments during constant artificial ventilation after the establish- 
ment of pneumothorax. The results of 21 injections on 10 animals 
were comparable to those obtained in the intact animal with ventila- 
tion under normal control. 


45 38 


II. Low Alveolar Oxygen and Response of Anterior Tibialis Muscle 
to Reflex and Motor Nerve Stimulation. 


HAROLD H. GAY. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


Glazer and Winkler” * have shown that the administration of low 
percentages of oxygen in nitrogen under normal conditions of respi- 
ration caused an associated increase in reflex response and respiratory 
movements. ‘The augmented reflex response might be due to the 
blowing off of carbon dioxide by the augmented respiration. To 
investigate this possibility a group of 6 experiments were done in 
which low percentages of oxygen (4% to 7%) in nitrogen were 


1Glazer, W., Am. J. Phystol., 1929, Ixxxviii, 562. 
2 Winkler, A., Am. J. Physiol., in press. 
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administered under conditions of constant ventilation as well as 
normal variable ventilation. 

It was found that low alveolar oxygen during constant pulmonary 
ventilation augmented the reflex response of the anterior tibialis 
muscle similar to that during normally augmented ventilation. 

To determine the site of action of low oxygen pressure, both an- 
terior tibialis muscles were isolated and stimulated, one reflexly as 
above and the other through its severed motor nerve. In the 4 ex- 
periments that were done it was found that the response to the direct 
stimulation of the motor nerve was the same as the reflex response. 
Whether the change in reflex response is due entirely to the action 
of low oxygen pressure on the motor end of the reflex arc remains 
to be determined. 
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Il]. Varying Degrees of Ventilation and Response of Anterior 
Tibialis Muscle to Reflex and Motor Nerve Stimulation. 


HAROLD H. GAY. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


Seventeen experiments were performed in which carbon dioxide 
mixtures were administered by artificial ventilation. In 11 of these 
the carbon dioxide percentage was successively increased from 5 to 
25%. In 15, ventilation with pure oxygen was varied from under 
ventilation to over ventilation, thus permitting large fluctuations in 
alveolar carbon dioxide pressure without undue lowering of al- 
veolar oxygen pressure. 

Carbon dioxide reduced the reflex response of the anterior tibialis 
muscle in all but one experiment. It reduced nerve-muscle response 
in all but 5 of the 17 experiments. In some experiments even high 
carbon dioxide mixtures did not depress the motor nerve response, 
whereas the reflex response was decreased. 

Under ventilation in oxygen reduced reflexes in all but 2 experi- 
ments. It reduced nerve-muscle responses in all but 8 of the 17 
experiments. Pure oxygen never failed to restore reflexes after 
carbon dioxide in pure oxygen had reduced them. Over ventilation 
always restored reflexes after they had been depressed by under 
ventilation in pure oxygen. Pure oxygen occasionally caused hyper- 
tonus, particularly in the muscle with the nerve intact, and on 3 
occasions in the other muscle as well. Where pure oxygen was ad- 
ministered after room air the reflex response frequently fell off some- 


what. 
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IV. Irregular Respiration, and the Response of Tibialis Muscle to 
Reflex and Direct Motor Stimulation. 


HAROLD H. GAY. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


In the course of the series on reflex response of the tibialis an- 
terior muscle several animals were found in which the respiration 
was very irregular. There were periods of hyperpnea followed by 
varying periods of apnea. In 3 experiments in which periodicity 
occurred during the administration of room air, hyperpnea was 
accompanied by increased reflex response and apnea, especially when 
profound and long continued, by periods of reduction or total dis- 
appearance of reflex response. In one experiment periodicity oc- 
curred during both the administration of room air and of 7% oxygen 
in nitrogen. The effect here was the same as in the 3 experiments 
above. In another, irregular respiration occurred while the animal 
was breathing room air and while breathing pure oxygen. Again 
the results were the same. The response of the muscle to direct 
motor nerve stimulation was similar to the reflex response of the 
opposite muscle. 

From these and the preceding experiments it seems probable that 
there is no single point in the system which can be said to control the 
response of the anterior tibialis muscle to sensory stimulation. The 
evidence seems, rather, to suggest that the response may be the re- 
sult of a number of factors which may vary individually. On the 
whole, with the exception of carbon dioxide, the reflex response and 
the response of the tibialis muscle to direct motor nerve stimulation 
varied roughly with the magnitude of respiratory movements. 


4541 
Cerebral, Head and Body Flow of Blood During Periodic 


Ventilation. 


PAUL O. GREELEY anp CHARLES E. GREELEY. 
(Introduced by Robert Gesell.) 


From the Department of Physiology, University of Michigan. 


Periodic ventilation was produced in dogs under morphine-ure- 
thane anesthesia by (a) increased intracranial tension and (b) 
blocking of cerebral arteries. Practically complete control of head 
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flow was obtained by ligating the vertebral arteries, and anterior 
spinal arteries and small arterioles of the cord, all in the region of 
the second cervical vertebra. All muscles at this level were severed. 
The vagi were left intact and one carotid was used for volume flow 
measurements. Blood volume flow changes were followed in the 
carotid and femoral arteries by the thermo-electric method (Gesell 
and Bronk." The external jugular, vertebral, and femoral 
venous return was measured by the enclosed drop method; the sub- 
maxillary vein by the external drop. Blood pressure, ventilation, 
oxygen consumption, and time were simultaneously registered witii 
the blood volume flow changes. 

Two types of respiration were obtained. Type 1 gave typical 
symmetrical Traube Herring blood pressure waves whose frequency 
was that of the respiratory waves. Apneas were either short (2 
seconds) or lacking; respiration in other characteristics was quite 
normal. The depth of respiration decreased as the carotid flow in- 
creased, sometimes to the extent of apnea; as the flow decreased to 
a minimum, respiratory depth increased to a maximum. The re- 
spiratory depth again decreased as the flow increased.. Type 2 was 
characterized by very pronounced blood pressure changes which 
were not typical Traube Herring waves. Apneas occurred. An 
apnea of 123 seconds was obtained in one animal during periodic 
breathing. The respiratory groups usually begin during some phase 
of the decreased flow or they may begin as late as the very end of 
decreased flow. Increasing respiratory movements may or may 
not carry on into the period of increasing blood flow. These in- 
creasing respiratory movements may suddenly give way to apnea 
which is associated with a high flow of blood. 


4542 


Acid Changes in pH of Portal, Hepatic, and Arterial Blood on 
Administration of Sodium Cyanide. 


GEORGE MCCLURE. (Introduced by Robert Gesell.) 


From the Department of Physiology, Unwersity of Michigan. 


In view of the fact that the liver reconverts lactic acid into glyco- 
gen (Himwich'), changes in acidity of blood as it passed through 
the liver were studied in-a series of experiments undertaken on dogs. 
Following the intravenous injection of sodium cyanide, which leads 


aa Gesell, re and Bronk, D., Am. J. Physiol., 1926, lxxix, 61. 
1 Himwich, H. E., J. Biol. Chem., 1923, lv, 525. 
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to excessive appearance of lactic acid in the blood, samples of blood 
were taken from the portal vein, hepatic vein, and femoral artery. 
Two sets of samples were taken at 10 minute intervals to determine 
the normal acidities, and 2 sets of samples were taken at 10 minute 
intervals after each injection of sodium cyanide. The blood sam- 
ples were stored on ice in special pH tubes designed by Dr. Gesell, 
and analyzed immediately following the experiment by the quin- 
hydrone method. 

Constant results on 12 curves showed that: 1. Normally portal 
blood was more acid than hepatic blood. 2. Normally arterial blood 
was more acid than hepatic blood. 3. Portal blood became markedly 
more acid after each injection of sodium cyanide, then slowly re- 
turned towards normal again. 4. Arterial blood became more alka- 
line after each injection of sodium cyanide, then slowly returned 
towards normal again. 5. Hepatic blood became slowly but steadily 
more acid through the entire experiment. The absence of a marked 
rise in acidity of the hepatic blood could not be explained by the 
increased alkalinity of the arterial blood. 

This flattening of the hepatic acidity curve may, therefore, be due 
to the fact that a portion of the surcharge of lactic acid causing the 
abrupt acid rise of the portal blood is reconverted by the liver into 
the precursor state (glycogen), with the liberation of free base. 
It is, therefore, suggested that the reconversion of lactic acid into 
glycogen by the liver is a factor in the maintenance of the acid-base 
control of the body. 


4543 


Effect of Low Oxygen on Muscular Contraction. 


R. R. GETTEL anp L. F. KNOEPP. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


This study deals with effects of lowered alveolar oxygen on mus- 
cular activity of the dog. Twin rebreathing tanks were used con- 
taining room air and low oxygen mixtures respectively. Super- 
maximal stimuli were applied with an automatic stimulator to the 
peripheral end of the sartorius muscle whose motor nerve was sev- 
ered to insure direct muscular stimulation. The results of 3-5% 
mixtures in most animals revealed increased respiration with a cor- 
responding increase of amplitude of muscular response, this passing 
into a gradual decline to nearly zero with the continuing but de- 
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clining, hyperpnea. The subsequent administration of room air 
gave a decided rise of muscular activity to a nearly normal level of 
contraction accompanied by the usual respiratory changes. When 
the condition of the animal became more critical, post administration 
level was gradually lowered below previous starting levels. In some 
animals both the muscular and respiratory responses were well aug- 
mented over long periods of administration of low oxygen mixtures. 
Other animals gave no initial rise in muscular activity. The mus- 
cular response gradually decreased until room air was administered 
though the usual hyperpnea prevailed. 

It is suggested that the augmented respiratory movements of low- 
ered alveolar oxygen in most of the observations may be partly ac- 
counted for by peripheral chemical changes occurring within the 
respiratory muscles themselves. In other cases the hyperpnea was 
maintained despite decreased muscular response to direct stimulation. 
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Effects of Low Alveolar Oxygen and High Alveolar Carbon Diox- 
ide on Rate of Flow of Cerebro-Spinal Fluid of the Dog. 


HAYDEN NICHOLSON. (Introduced by Robert Gesell.) 
From the Departmeni of Physiology, University of Michigan. 


The fluid was obtained either by placing a cannula in the cisterna 
magna or by lumbar puncture, in most cases the former method be- 
ing used. The rate of flow was recorded by the drop method. 

High percentages of carbon dioxide in room air (8-14%) in- 
variably increased the rate of flow, in one case reaching 1000%. 
This increase appeared promptly on administration of hie gas, rap- 
idly increased to a maximum, and persisted practically undiminished 
up to the readministration of room air, when the flow quickly re- 
turned to the preadministrational rate. 

The effects of low oxygen are somewhat more complex. Low 
oxygen almost invariably caused a decrease in flow, followed, after 
prolonged administration, by a gradual increase, approaching, but 
practically never reaching, the preadministrational rate. The initial 
decrease in flow was usually preceded by a slight and very brief in- 
crease. When room air was agaii administered there was usually 
a brief but distinct decrease in flow, followed by a marked increase 
above the rate during administration of low oxygen and approaching 
the preadministrational rate. 
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These results seem to be in agreement with those obtained by 
Eddy* on salivary secretion. The effects of high carbon dioxide 
resemble the results of Gesell* on the rate of flow of lymph but the 
resemblance does not hold for low oxygen. 


45.45 


Effect of High Oxygen Pressures on Blood Acidity, Oxygen Con- 
sumption, Volume Flow of Blood and Respiration. 


JOHN W. BEIAN. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


With the purpose of throwing new light on the causes of hyperp- 
nea as seen in animals breathing pure oxygen at high pressures, 
apparatus was devised whereby respiration, blood pressure, blood 
acidity changes, and blood volume flow could be recorded on 
smoked paper, with the experimental animal exposed to increased 
oxygen pressure. 

A Hutchinson type spirometer was used; the bell counterbalanced 
by a solenoid around a glass tube; the writing point attached to a 
moveable iron core in the bore of the tube which was open to atmos- 
pheric pressure. Blood pressure was recorded in similar manner, 
the solenoid floating on the mercury; heart rate by an electrical con- 
tact device on the femoral artery; blood acidity changes by the con- 
tinuous method (manganese dioxide electrode); volume flow of 
blood changes by the thermo-electrical method. 

The experimental animals were dogs of from 5 to 12 kg., anes- 
thetized with morphine sulphate and urethane. The pressures used 
were from 3 to slightly less than 5 atmospheres pure oxygen. 

The results indicate an increase in the acidity of the arterial blood 
and decrease in the heart rate of the animals under high oxygen 
pressures. The oxygen consumption of animals under pressure 
showed some variation but the weight of the evidence pointed to a 
decrease in metabolism with a tendency to return after decompres- 
sion to atmospheric pressure. In several experiments periodic respi- 
ration with an accompanying periodicity in the volume flow of blood 
in the common carotid artery was obtained. Hyperpnea was not 
invariably a response to high oxygen pressure exposure. On the 


contrary some individuals showed a decrease in respiratory rate to 
the extent of apnea. 


1 Eddy, N. B., Am. J. Physiol., 1929, Ixxxviii, 524. 
2 Gesell, R., Am. J. Physiol., 1929, Ixxxviii, 546. 
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4546 
Peripheral Chemical Control of Pulmonary Ventilation. 
CHARLES R. BRASSFIELD. (Introduced by Robert Gesell.) 
From the Department of Physiology, University of Michigan. 


To gain further evidence on the probability of peripheral chemical 
contro] of pulmonary ventilation due to pulmonary vagal stimula- 
tion, a study was made of the latent periods and types of response 
following injections of sodium cyanide and sodium carbonate both 
in the normal and vagotomized dog. Injections were made: 1. In- 
travenously at the level of the heart by means of a catheter inserted 
into the right femoral vein or right external jugular. 2. Intra- 
arterially in the aorta proximal to the nutrient bronchial arteries 
by means of a catheter inserted upward through the left femoral 
artery. 

Dogs under morphine and urethane anesthesia were used and 
respiratory movements recorded with a spirometer. 514 injections 
varying from 4 cc. to 5 cc. of M/100 NaCn and from 5 ce. to 20 cc. 
of M Na;.CO; were made on 21 different animals. 

The latent periods of respiratory stimulation following intra- 
venous injections in the intact animal and corresponding injections 
with the same animal vagotomized were for the most part 
the same. In all injections the latent periods were long enough to 
allow the injected substances to reach the respiratory center. 

Intra-arterial injections just proximal to the nutrient bronchial 
arteries produced respiratory effects only after large amounts had 
been injected. The latent periods were rather long and were the 
same in the intact and vagotomized animal. These results are in- 
dicative of an absence of action on the pulmonary vagal endings. 
However, this does not preclude the findings of Heymans and Hey- 
mans’ that the heart and aortic arch are the seat or origin of respira- 
tory reflexes. 

The responses to intravenous and nutrient bronchial arterial injec- 
tions were of the same type in both the vagotomized and intact 
animal as those resulting from small injections into the innominate 
artery, thus suggesting central action as predominant in all injec- 
tions. 

The similarity of results obtained by administration of sodium 
cyanide and of sodium carbonate before and after double vagotomy 
together with a failure to establish a difference in latent periods be- 
fore and after vagotomy suggests the absence of or a slow response 
to peripheral chemical stimulation of the pulmonary vagal endings. 


i Heymans, cae and ©., Arch. Int. Phar. et Ther., 1927, XXXiii, 366. 
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A Comparison of Synchronous Experimental Changes in Respira- 
tory and Cardiac Rhythm of the Dog. 


ROBERT GESELL anp JOHN NYBOER. 
From the Department of Physiology, University of Michigan. 


This study attempts to establish the degree of similarity of re- 
sponse of 2 rhythmically discharging systems to similar changes in 
environmental conditions with the tentative assumption that similar 
response is indicative of a similar fundamental mechanism oper- 
ating in the pace setter of respiration and the pace setter of the 
heart. The subject of respiratory rhythm might thus be put on a 
more fundamental basis and become susceptible to a more direct 
analysis. 

Lowered alveolar oxygen and intravenous injection of sodium 
cyanide and sodium sulphide augmented respiratory and cardiac 
rate in a comparable way. Comparable changes in rate were ob- 
tained after section of the vagus nerves and removal of the stellate 
ganglia. 

Administration of carbon dioxide almost invariably slowed the 
heart. When administered in pure oxygen, though the magnitude» 
of respiratory movements was always increased, there was either 
slight or no reduction in rate or slight acceleration. When carbon 
dioxide was administered in a gaseous mixture containing approx- 
imately 22% of oxygen respiratory rate was usually augmented. 
The results were similar after vagotomy and removal of the stellate 
ganglia. 

In view of the similarity of action of lowered alveolar oxygen 
and of sodium cyanide and sulphide, and the common tendency tow- 
ards retardation on the administration of carbon dioxide, it is 
tentatively assumed that there is a common mechanism of rhyth- 
mic discharge in the respiratory and cardiac rhythm centers. Grant- 
ing that increased intracellular acidity is a controlling rhythm fac- 
tor it is concluded that there are auxiliary factors as well. Since 
cyanide and sulphide may decrease the hydrogen ion concentrations 
of the immediate external environment and alter the state of oxi- 
dation of the neurone membrane they may so exert their effects. 


This agrees with suggestions offered in our electro-chemical hypoth- 
esis of respiratory control. 


' Gesell, R., Proc. Soc. Exe. Brot. AND Mep., 1926, xxiv, 263. 


SPINACH IN NuTRITIONAL ANEMIA 835 


4548 
Inorganic Elements of Spinach in Treatment of Nutritional Anemia. 


HELEN S. MITCHELL anp LILA MILLER. (Introduced by H. B. Lewis.) 


From the Nutrition Laboratory, Battle Creek Sanitarium, Battle Creek, Mich. 


The factors necessary for the synthesis of hemoglobin in the ani- 
mal body have been attracting increasing interest since the announcc- 
ment by Hart and Steenbock’ that copper seemed to play a catalytic 
role in this connection. In attempting to determine whether other 
inorganic factors played a similar réle, it occurred to us to try once 
more the combination of minerals naturally present in a food gen- 
erally conceded to be a good blood builder. A concentrated water 
extract of spinach was fed in quantities sufficient to supply 0.5 mg. 
Fe per day as supplement io the milk diet. It had previously been 
determined that this extract contained copper in appreciable amounts, 
Fe: Cu::37:1. It was to be expected that hemoglobin synthesis 
on spinach extract would be rapid, but to our surprise the response 
was almost twice as rapid and the ultimate level of hemoglobin 
reached and maintained was 25% higher than the response on the 
iron and copper combination. 

This led to the question whether there might be an organic factor 
involved as has been so often suggested. The extract was dried 
and ashed and the ash fed to rats in equivalent quantities, 7. e., 0.5 
mg. Fe per day. The ash was not completely soluble, therefore 
daily feedings were weighed out in the dry state and mixed with a 
few cc. of milk which was fed to the rats when hungry. No more 
milk was fed until the dishes were licked clean. In spite of this 
precaution to make sure that the animals received their full amount 
of ash, they failed to show as rapid hemoglobin synthesis as the rats 
on the original spinach extract. This observation made us question 
again the possibility of an organic factor. Previous experience® 
suggested that the insoluble nature of this ash might have some 
bearing on the problem. Consequently another group of animals 
were fed the same amount of ash which had been dissolved in a 
minimum of concentrated HCl which solution was then diluted to 
such an extent as to make it suitable for feeding. When the ash 
solution was used as supplement to the milk ration, a prompt and 
rapid response in hemoglobin was observed, equal in nearly every 
case both in rate and ultimate height to that obtained on the original 
extract. 


1 Hart, Steenbock, et al., J. Biol. Chem., 1928, Ixxvii, 797. 
2 Mitchell and Vaughn, J. Biol. Chem., 1927, Ixxv, 123. 
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These results were further confirmed by feeding the extract and 
its ash in half the previous doses, 7. ¢., 0.25 mg. Fe per day under 
which circumstances differences in efficiency would be accentuated 
because the amount fed is well below the optimum requirement. The 
results, however, were entirely similar to the first series. 

It is concluded that the inorganic combination naturally present 
in spinach is better than any combination of inorganic salts we have 
been able to find, 7. e., iron and copper, iron and copper manganese, 
etc. Furthermore, it would seem that the solubility of at least some 
of the factors present may have a real significance. A complete 
qualitative and further analysis of this spinach extract ash are the 
next steps in the investigation and will be carried out in the near 
future. 


4549 


Studies on Stimulation in Nitella. 


L. R. BLINKS, E. S. HARRIS anp W. J. V. OSTERHOUT. 


From the Laboratories of The Rockefeller Institute for Medical Research. 


Waves of negativity occurring spontaneously in Nitella, some- 
times in regular rhythm, have been previously described.t Similar 
negative variations, passing down the cell, may be induced in a var- 
iety of ways, by touching, bending, by application of solutions or 
by small direct” potentials.* They resemble the action currents of 
muscle and nerve in form and magnitude but last longer and are 
propagated more slowly. 

Nitella appears to follow in general the laws of stimulation of 
muscle and nerve but there are some interesting exceptions. For 
example, it is far from obeying the all or none law completely since 
the P.D. (normally positive* when the cell is in contact with dilute 


1 Osterhout, W. J. V., and Harris, E. 8., Proc. Soc. Exp. BioL. AND Mpp., 
1928-29, xxvi, 124. 

2 The production of negative waves by induction shocks in Nitella was ap- 
parently first reported by Hormann (H6érmann, G., Studien itiber die Proto- 
plasmastromung bei den Characeen, Jena, 1898). 

8 These are ordinarily effective at cathodal closing and anodal opening but 
may be induced at anodal opening by higher voltages. 

4 The protoplasm is regarded as positive when the positive current is out- 
ward, 1. €., when the positive current tends to flow from the inner surface through 
the protoplasm to the outer surface or from the outer surface through the elec- 


trometer and thence through an (imaginary) capillary passing through the pro- 
toplasm into the sap. 
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solutions) may disappear partially or completely at the stimulated 
spot, and conduction with a decrement occurs. The normal P.D. 
returns in from 5 to 30 seconds. The electrical (polarization) re- 
sistance falls off simultaneously with the P.D. but it takes much 
longer to return to normal. The period during which recovery 
takes place constitutes the refractory period after which the cell 
may again be stimulated. 

The stimulus is transmitted along the cell® at a rate of from 1 to 
2 cm. per second and may pass across the “node” to a neighboring 
cell (or even through two aqueous contacts for a distance of half an 
inch or more to another cell, ¢. g., to a cell from a different plant). 
The fact that it is unable as a rule to pass a spot whose positive P.D. 
has been (reversibly) lowered to a sufficient extent (e. g., by an 
opposed potential or by the application of 0.05 M KC1) lends sup- 
port to the idea that the wave of stimulation consists of a local cur- 
rent flowing outward through the protoplasm and through the cell 
wall to a neighboring spot which is less positive (and then back 
through the protoplasm and sap). Sufficient flow of current causes‘ 
the more positive ‘spot to become less positive and to lose much of its 
electrical resistance, and a flow then starts from neighboring positive 
regions toward this spot and in this way the wave moves along the 
cell as postulated by the local action theory of nervous transmission. 

Since recovery can take place while stimulation (chemical or 
electrical) continues it would seem that there are two opposing pro- 
cesses so that when the process producing a loss of P.D. (and of 
resistance) has reached a certain point the other automatically be- 
comes dominant and restores the normal condition. 

In many cases the negative wave has two maxima (1. e., the stim- 
ulated spot becomes negative, then less negative, then more nega- 
tive, after which the curve approaches zero*) ; this might be regard- 
ed as indicating that the inner layer of the protopolasm is affected 
before the outer. The behavior of the cell when the external solu- 


5 This does not necessarily mean that the protoplasm loses all its E.M.F. but 
only that the E.M.F. of the outer layer becomes equal to that of the inner. 

6 Waves due to cutting (death waves) travel much faster and produce irre- 
versible changes: they differ in being able to pass a spot in contact with 0.1 M 
KCl or one killed by chloroform. 

7 This might be due to a structural change (production of leaks) or to an 
increase in conductivity (Cf. Osterhout, W. J. V., and Harris, E. 8., J. Gen. 
Physiol., 1927-28, xi, 673). Ordinarily an outward flow of positive current is 
more effective than an inward flow. 

8 Approaching zero merely means that the stimulated spot is recovering its 


normal P.D. 
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tion is varied indicates that stimulation usually starts with the inner 
layer.” 


4550 
Bioelectrical Aspects of the All or None Law. 


W. J. V. OSTERHOUT anp E. 8. HARRIS. 


From the Laboratories of The Rockefeller Institute for Medical Research. 


If the all or none law holds, a muscle fibre or nerve fibre will al- 
ways give the same response when stimulated so that the total elec- 
trical effect should be directly proportional to the number of fibres 
which react, provided the arrangement is in series rather than in 
parallel. But although the fibres (in a nerve or in such a muscle as 
the sartorius of the frog) may have a parallel arrangement they 
appear to behave as if they were in series since the current of action 
appears to increase with the number of stimulated fibres; so also 
cutting a muscle entirely in two gives more current of injury than 
when we cut only part way across. 

This is explainable if we assume (as Gasser and Erlanger’ have 
done in the case of nerves) that the inactive or uncut fibres act as 
shunts to the E.M.F. produced by those which are active or cut. 
Suppose, for convenience, that a group of 5 fibres may be repre- 
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Hypothetical diagram to show electrical conditions in a group of fibres of 
which the uppermost (I) has been cut at the right end so that it produces the 


current shown by the arrows: the other fibres (II, III, IV, and V) produce no 


current (since the batteries in each are equal and opposite) but they act as 
shunts to I. . 


» Evidence will shortly be presented which indicates that the fibres of muscle 
and nerve may have a surface consisting of two layers, which is in harmony with 
the fact that the negative wave of nerve often shows two maxima and might 
afford a different interpretation from that given by Erlanger and Gasser (Am. J. 
Phystol., 1927, Ixxx, 522). 

1 Gasser, H. S., and Hrlanger, J., Am. J. Physiol., 1927, Ixxx, 522. 
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sented as in the diagrams* in Fig. 1, where I represents a fibre cut 
at the right end and producing a current as shown by the arrows. 
Since in II, III, IV, and V the batteries are equal and opposite, these 
branches of the circuit contribute no current and act only as shunts 
(these may be called neutral and I may be calied positive). We then 
have? 2). = EaRw (Rx + Re), where E, is the electromotive 
force of the battery in I, Rw is the resultant resistance of the neutral 
fibres taken together, and Rp is the resistance of the positive fibre 
(or the resultant resistance of all positive fibres taken together when 
there are more than 1). If each resistance equals Ry we have 
Ry = R, + N and Rp = R, ~ P, where N is the number of neutral 


fibres. We may then write* P.D. = EF, [2 ~ ae = |= oP 


Putting E, = 0.5 we have P.D. = oe Ole 


When 2 fibres are cut the P.D.=0.2; when 3 are cut the 
P.D. = 0.3, and so on. In other words, each fibre that is cut adds 
0.1 to the P.D. as if the fibres were in series instead of in parallel. 

To what extent we are justified in representing the situation in 
this way must be learned by experimental test. It is desirable for 
this purpose to know the P.D. produced by each fibre or cell as well 
as that of the entire group. Since this cannot readily be tested in 
muscle and nerve it may be worth while to record some experiments 
performed (incidental to other work) on the long multinucleate 
cells of the fresh-water plant Nitella. A group of these cells con- 
nected together at each end by a piece of moist cotton behaves like 
a group of fibres in a muscle in that the current of! injury produced 
by cutting increases as more are cut. Here, however, we are able 
to measure the P.D. produced by each separate cell and to determine 
the effect produced by the uncut cells which act as shunts. 


Experiments with Nitella. 
Unless otherwise stated the technique is that described in previous 


papers.’ The cells were allowed to dip into a common beaker at the 
right and into separate beakers at the left. In each beaker was a 


2In the muscle the fibres are not insulated from each other but this would not 
affect the result except in the case of active or cut fibres and here the effect would 
probably be small. 

3 Tt is assumed that the resistance of the measuring instrument is very high. 

4 When there are two or more positive fibres this formula holds as may be 
shown by setting up the usual Kirchoff equations. 

5 Osterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1927-28, xi, 673; 
1928-29, xii, 167. In the present experiments the temperature ranged from 18° 


to 20° CO, 
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calomel electrode : a series of switches was so arranged that the cells 
could be measured singly or in any desired combination. 

Since the P.D. produced by cutting changes rapidly and is highly 
variable it seemed better to produce a more steady and uniform P.D. 
by using different concentrations at the opposite ends of the cell.* 
At the start with 0.01 M KCI at both ends the P.D. (average of 
17 groups of 5 cells) was practically zero. With 0.001 M KCI at 
one end and 0.01 M KCI at the other the P.D. was 50 millivolts 
(average of 17 groups of 5 cells) the end in contact with 0.001 M 
KCl being positive. When 1 positive cell was shunted with 4 neu- 
tral cells the P.D. was 10 millivolts.’ In other words, the shunting 
effect of the 4 neutral cells (cells with the same solution at both 
ends) reduced the P.D. of the positive cell (which has 0.001 M KCl 
at one end and 0.01 M KCl at the other) from 50 to 10 millivolts, 
as our calculations lead us to expect. 

Two cells taken together gave 49 millivolts ;* the shunting effect 
of the other 3 neutral cells (III, [V, and V) reduced this to 19 milli- 
volts. We expect 20 millivolts, so that the agreement is fairly close. 

When 3 cells were positive they gave (taken together as a group 
of 3) 46 millivolts? which was reduced by the shunting effect of 2 


le 
iO 
* 
3 
2 3 
v 
“ 
6 L A 3 4 5 No of positive cetls 
§ 4 $ 4 ft @ No.of neutral cells 
Fig. 2. 


The straight line shows the calculated and the crosses the observed P.D. for 
each group. A group consists of 1 or more positive cells shunted by neutral 
cells: as the number of positive cells increases the P.D. increases ag though they 
were in series. The ordinates represent the P.D. expressed as per cent of the 
P.D. observed when the shunting cells are absent. 


6 Osterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1928-29, xii, 761. 
7 Average of 17 groups of 5. 
8 Average of 17 groups of 2. 
9 Average of 17 groups of 3. 
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neutral celis to 30 millivolts; in this case the expectation” is 28 
millivolts. 

When 4 cells were made positive they gave 48 millivolts; on 
shunting with a fifth cell this was reduced to 38 which agrees with 
the prediction.” 

The results are shown graphically in Fig. 2. Measurements were 
also made by shunting cells in other groupings. Here also the re- 
sults were in accordance with prediction as is shown in Fig. 3. 

As an analogy to action currents we may consider the effect of 
cutting which produces in Nitella a transitory “negative variation" 


100, 


50. 


Per cent 


0 L v 3 4 
No. of neutral cells 
Fig. 3. 

The eurves show the calculated and the circles the observed P.D. for each 
group. Ourve 4 for 1 positive cell shunted by 1, 2, 3, or 4 neutral cells; Curve B 
for a group of 2 positive cells shunted by 1, 2, or 3 neutral cells; Curve C for a 
group of 3 positive cells shunted by 1 or 2 neutral cells; Curve D for a group of 
4 positive cells shunted by 1 neutral cell. 


10 The prediction is that the shunting effect will reduce the P.D. from 50 to 
30, i. e., to 60% of the original; in this case we start with 46 and 60% of this 
is 27.6 which is taken as 28. 

11 Average of 17 groups of 4. 

124, ¢., that the reduction will be to 80% of 48 or 38.4. 

13 Osterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1928-29, xii, 167, 355. 


842 SCIENTIFIC PROCEEDINGS 


the time curve of which somewhat resembles the current of action of 
muscle and nerve. If we arrange a group of Nitella cells with 
0.001 M KCI at both ends and cut only 1 cell we obtain a much 
smaller P.D. than as if no shunting cells were present. On the other 
hand, if we cut all of them simultaneously we obtain about the same 
P.D. as if we cut 1 by itself. This is in accordance with expectation 
but no attempt was made to arrive at exact quantitative relations 
because the negative variation produced by cutting is so variable. 


Experiments with Muscle.* 


Since the fibres cannot be separated for experimental purposes no 
quantitative work was attempted. A normal muscle, short-circuited 
by a dead muscle (touching the leads) gives, of course, less current 
of action than when there is no shunt. The results of cutting the 
sartorius muscle of the frog are very irregular but when a sufficient 
number of experiments are averaged there is a rough proportionality 
between the number of fibres cut and the observed current of injury. 
If the muscle is completely cut across and a median longitudinal cut 
is made which partially or completely isolates the 2 halves it is found 
that each half gives approximately the same current of injury as was 
observed before the longitudinal cut was made. This is, of course, 
in accordance with expectation. 

Other things being equal it would follow that if all the fibres are 
cut (or stimulated) a muscle or nerve with a small number of 
fibres should give as much current of injury (or current of action) 
as one with a greater number. 

Summary: That the fibres of muscle or nerve, despite chee parallel 
arrangement, act electrically as though in series may be explained 
by assuming that the inactive or uncut fibres act as shunts to those 


which are stimulated or cut. Experiments on Nitella support this 
assumption. 


14 We employed the sartorius or gastrocnemius of the frog (R. catesbiana and 
&. pipiens), leading off with Ringer’s solution. 
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Improved Method of Preparing Bacillus Typhosus Toxic Sub- 
stances Necessary for Local Skin Reactivity. 


GREGORY SHWARTZMAN. 
From the Laboratories of the Mount Sinat Hospital, New York City. 


In previous communications” * ** a phenomenon of local skin 
reactivity to Bacillus typhosus culture Bitrate: was described. The 
reactivity was induced by the injection of the filtrates into the skin 
of a rabbit. If 24 hours later an intravenous injection of the same 
filtrate was given to the rabbit, there appeared an extremely severe 
hemorrhagic necrosis at the site of the previous injection. The fac- 
tors determining the local skin reactivity were termed “skin prepara- 
tory factors” and those involved in the production of local hemorr- 
hagic necrosis following the intravenous injection were called ‘“‘re 
acting factors.” There were found a number of features which 
considered together distinguished this phenomenon sharply from the 
known phenomena of bacterial hyper-susceptibility and from the 
Arthus phenomenon. The same phenomenon was later reproduced 
with a variety of pathogenic microorganisms.’ The skin prepara- 
tory factors of Bacillus typhosus were inactivated only by autoclav- 
ing, were not affected by a pH range of 4.0 to 9.0 and were specific- 
ally neutralized by immune sera. The Bacillus typhosus skin pre- 
paratory and reacting factors were obtained in filtrates of 6 day old 
cultures in tryptic digest broth.* These filtrates undoubtedly con- 
tain a considerable amount of extraneous material (products of 
tryptic digest and bacterial cell autolysis). 

For the purpose of other work, it was desirable to obtain filtrates 
containing a minimal amount of these extraneous substances. After 
trying out a number of procedures, this object was attained by the 
use of washings of bacterial growth on solid media. The following 
is the method employed: 

Kolle flasks containing plain veal infusion agar of pH 7.4 were 
seeded each with 3-4 cc. of 20 hour old plain broth culture of Bacil- 
lus typhosus (strain T,) diluted 1-4 with 0.9% NaCl solution. The 
dilution was made immediately before use. After 20-22 hours of 
incubation the growth of each flask was washed off with 14-16 cc. 


1 Shwartzman, Proc. Soc. Exp. Bion. AND MeEp., 1928, xxv, 560. 
2 Shwartzman, J. Exp. Med., 1928, xlviii, 247. 

3 Shwartzman, Proc. Soc. Exp. BioL. AND Mep., 1928, xxvi, 131. 
4 Shwartzman, J. Exp. Med., 1929, xlix, 593. 

6 Shwartzman, Proc. Soc. Exp. Bion. AND Mep., 1928, xxvi, 207. 
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of 0.9% NaCl solution containing 0.4% phenol. The washings 
were then pooled, centrifuged within the following 1-2 hours and 
the clear supernatant fluid filtered through Berkefeld “V” candles 
shortly after centrifuging. The filtrates prepared in this manner 
will be referred to as Tx “agar washings” filtrates. 

The following is a summary of results obtained with these toxic 
substances : 

Forty rabbits each received 6 simultaneous injections in dilutions 
of 1:2, 1:8, 1:16, 1:24, 1:36, and 1:48. The readings of the pri- 
mary effect of these injections were made 23-24 hours later. The 
dilution 1:2 produced well-marked erythema (4+) in 1 rabbits, 
moderate erythema (2+) in 3 rabbits, slight reddening (1+) in 7 
rabbits, and doubtful reddening or no erythema in the remaining 29 
rabbits. With the dilution 1:8, only 1 rabbit showed a moderate 
erythema (2+), and the remaining rabbits very slight erythema or 
no reactions whatsoever. None of the higher dilutions had any visi- 
ble primary effect upon the skin. Twenty-four hours after the in- 
tradermal injections, the rabbits were divided into 5 groups of six, 
and 2 groups of 5. Each group received a single intravenous injec- 
tion of the filtrate. The first group received 1.8 cc., the second group 
1.4 cc., the third group 1.0 cc., the fourth group 0.5 cc., and the sixth 
group received 0.3 cc., respectively, per kilo of body weight. There 
was an irregular general toxic effect of the filtrate. From 1 to 4 rab- 
bits of each group were killed in 1-5 hours by the intravenous in- 
jection. The skin reactions of the surviving 26 rabbits were read 
5 hours after the intravenous injection. Three rabbits showed no 
reactions (resistant). One of these had received intravenously 
0.8 cc. and two 0.3 ce. of the filtrate per kilo of body weight. The 
remaining 23 rabbits showed very severe and typical reactions. A\I- 
though, as observed before,” fluctuations were noticed in the skin 
preparatory effect of diluted filtrate, nevertheless there seemed to be 
a distinct reciprocal relationship between the amounts of filtrate 
necessary to be injected intradermally and intravenously in order to 
elicit the phenomenon. Thus, even the highest dilution (1:48) was 
able to prepare the skin of some rabbits for severe hemorrhagic nec- 
rosis providing from 0.8-1.8 cc. per kilo was injected intravenously. 
As the intravenous doses decreased, well-pronounced reactions were 
elicited only in areas prepared with dilutions lower than 1:48, so 
that in the last group which received intravenously 0.3 cc. per kilo, 
only areas prepared with dilution 1:2, 1:8 and 1:16 showed severe 
reactions. 

Essentially similar results were obtained with 2 other batches of 
identically prepared Ti “agar washings” filtrates. 
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Summary and Conclusions: It is possible to obtain highly potent 
skin preparatory and reacting factors in filtrates of washings of 
20-22 hour old Bacillus typhosus cultures on plain agar. Under 
these conditions there is avoided much of the extraneous material 
present in tryptic digest broth previously employed, as well as much 
of the bacterial autolysis occurring in the older method. This would 
indicate that the skin preparatory and reacting factors are bacterial 
soluble substances, the production of which is independent of mas- 
sive cell destruction. 

The filtrates prepared in this manner produce negligible primary 
effect upon the skin (erythema, swelling), notwithstanding their 
high skin preparatory potency. This is in agreement with the view 
previously expressed’ *° that the skin preparatory potency of a 
given filtrate bears no relation to its primary effect on the skin. 

It is of considerable interest to note that there exists a distinct 
reciprocal quantitative relationship between the skin and intravenous 
doses. This observation merits further study. 
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Nicotine Tolerance in the White Rat. 


C. H. THIENES. 


From the Department of Pharmacology, University of Oregon Medical School, 
Portland, Oregon. 


The minimal effective dose (M.E.D.) of nicotine for white rats 
of both sexes, from 29 to 33 days old, was 0.3 mg. per kilo body 
weight. This dose was sufficient to cause slight but definite weak- 
ness of the hind legs. After determining the M.E.D., one-half of 
each of 3 litters were injected twice daily with 2 to 3 times the 
M.E.D., producing symptoms ranging from instability to convul- 
sions and prostration. At intervals of 3 and 9 weeks following the 
first injections, after a rest day of no injections, all rats were tested 
for the M.E.D. Whereas the controls, 10 in number (injected twice 
daily with salt solution), responded each time to 0.3-0.4 mg. nicotine 
per kilo body weight, the test rats, 13 in number, showed a definite 
decrease in susceptibility, in that at the end of 3 weeks, the M.E.D. 
averaged 0.65 mg. nicotine, and at the end of 9 weeks, 0.85 mg. per 
kilo body weight. This was considered to be evidence of an acquired 
nicotine tolerance. 
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An interesting phenomenon of “acute tolerance” was also ob- 
served. That is, the second injection of the day caused much milder 
symptoms than the first injection. Although not yet well worked 
out, it seems that the optimal interval between injections for demon- 
strating this phenomenon is from 2 to 4 hours. 
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The Complement Fixation Test in Yellow Fever.* 


MARTIN FROBISHER, JR. 
From the International Health Division, Rockefeller Foundation, New York. 


Yellow fever offers opportunity for study of the immune reactions 
of a virus disease under circumstances which eliminate error due to 
collateral antigens. According to Schultz’ collateral antigens have 
been a frequent source of error in previous studies of the comple- 
ment fixation reaction in virus diseases. Material quite free from 
collateral antigens can be obtained in yellow fever as antigen for the 
complement fixation test. 

Aragao” has reported unfavorably upon the complement fixation 
test in yellow fever with antigens prepared from phenolated tissues. 
On the supposition that the antigenic substances in tissues affected 
by virus diseases might be within the cells, Ciuca® has made use of 
a process described as septic maceration in order to liberate the 
cellular contents. He reports success in differentiating between the 
3 principal types of foot and mouth disease by complement fixation 
with antigens prepared in this way. The method of preparing the 
antigen for our tests is based on a procedure followed by Hindle* 
in making vaccine from yellow fever tissues. He produced rupture 
of the cells by causing a sudden change in the osmotic pressure of 
the fluid in which the tissues were suspended. 

In preparing antigen, pieces of liver and spleen were taken at 
autopsy from monkeys which had died from experimental yellow 
fever. This material was ground thoroughly with sterile sand and 


* The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation. 

1 Schultz, E. W., J. Immunol., 1928, xv, 229. 

2 Aragao, H. de B., Compt. Rend. Soc. Biol., 1928, xlix, 1341. 

3 Ciuca, A., J. Hyg., 1929, xxviii, 22. 

* Hindle, E., Trans. Roy. Soc. Trop. Med. and Hyg., 1929, xxii, 405. 
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soaked over night in the refrigerator in half its weight of 9.0% 
sodium chloride solution. The mixture was then suddenly diluted 
to the physiological concentration of salt by the addition of distilled 
water. The suspension of tissue thus prepared was centrifuged and 
passed through Berkefeld “V”’ filters. The filtrate constituted the 
antigen. For purposes of control an antigen was similarly prepared 
from tissues of a normal monkey. 

In performing the complement fixation tests a simple standard 
procedure was used, employing an anti-sheep hemolytic system and 
0.5 cc. quantities of each reagent. The sera to be tested were used 
undiluted after 30 minutes inactivation at 56° C. Fixation was 
allowed to proceed for 30 minutes at 37° C. 

The results of these tests are summarized in the table. The 
human yellow fever sera listed as “recovered” or “immune” had all 
been tested for their power to protect monkeys against yellow fever 
and found to prevent death after the injection of at least 10 lethal 
doses of virus. Four sera, which were from persons supposed to 
have had yellow fever but which had failed to protect monkeys, 
have not been listed as “recovered” or “immune’’, but are included 
with the presumably normal sera. One of these, however, gave a 
positive reaction. 

Except in this instance, sera which had failed to protect monkeys 
also failed to give complement fixation. On the other hand, all sera 
which protected monkeys gave positive fixation except one, which 
had failed to prevent fever in a monkey but had prevented death. 

In addition to the tests for which results are given in the tabie, 
38 retests were made with 14 of the same series and in all but one 
instance the results were in agreement with those obtained in the 
first tests of the same specimens. 

In over 100 other tests made prior to those reported in the table, 
various antigens were tried, namely, urine from monkeys dead of 
yellow fever, alcoholic and aqueous extracts of their organs, and 
sera drawn from monkeys at the first elevation of temperature due 
to yellow fever. The results were found to be less reliable than 
those obtained later with the saline antigen. 

Our results were in agreement with those of Aragao’ in that yel- 
low fever sera obtained during the first day of fever did not give 
strong or frequent reactions and that the sera of yellow fever con- 
valescents did not fix complement in the presence of syphilis antigens. 

Although the antigens used were made from tissues of mon- 
keys inoculated with yellow fever virus from West Africa, positive 
complement fixation reactions were obtained with human sera from 
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TABLE I. 
Result of Complement Fixation Tests in Yellow Fever. 


Antigen Used. 


Sources of sera Saline extract of liver and| Saline extract of liver and 
tested spleen of yellow fever mon-| spleen of normal monkey. 
keys. 
Positive | Negative % Positive |Negative % 
correct correct 
Normal men and 
monkeys 3 38 93 1 28 97 
Recovered and immune 
men and monkeys 18 5 78 3 9 75 
Convalescents from 
other diseases* 1t 19 95 0 18 100 


* Syphilis 14, dengue 4, poliomyelitis 2 (1 human, 1 monkey). 

t Syphilis. 

South America and with the sera of monkeys which had been inocu- 
lated with virus from Brazil. 

The method described appears to offer a means of identifying 
at least a useful percentage of the convalescents from yellow fever 
in a community. As far as can be determined by the tests which 
could be made with the small number of sera available, the reaction 
seems to be specific. Further work needs to be done in the search 
for more sensitive antigens, and the usefulness of the improved test 
should be determined by numerous trials under field conditions. 
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Hemoglobin Standards in Normal Men. 


M. M. WINTROBE. 


From the Department of Medicine, Tulane University School of Medicine, 
New Orleans. 


In an earlier report on normal blood standards,' a Newcomer 
hemoglobinometer, restandardized on the basis of 10 hemoglobin 
determinations made by the Van Slyke oxygen capacity method, 
was employed. Further standardization of this Newcomer instru- 
ment has led to the conclusion that the original correction curve was 
incorrect. 

Additional hemoglobin determinations by the Newcomer and Van 


1 Wintrobe, M. M., and Miller, M. W., Arch. Int. Med., 1929, xliii, 96. 
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Slyke methods have been carried out on 22 different samples of 
blood. Of this number 19 determinations (Table I) which checked 
very closely on 4 different Van Slyke instruments have been selected 
and a correction curve plotted on the basis of the total of 29 deter- 


minations. 


TABLE TI, 
Hemoglobin Estimations by Newcomer and Van Slyke Methods. 


Hemoglobin. 
Blood number 
Newcomer Van Slyke 

% gm. gm. 
11 73.0 12.35 16.70 
12 84.5 14.30 18.58 
13 67.0 11.35 16.31 
14 39.0 6.60 9.40 
15 70.0 11.85 15.41 
16 80.0 13.55 16.65 
17 57.0 9.75 13.75 
18 54.0 9.14 12.12 
19 76.0 12.88 } 16.96 
20 48.0 8.15 12.41 
21 45.0 7.62 10.86 
22 45.0 7.62 11.19 
23 74.0 12.52 16.86 
24. 59.5 10.06 15.59 
25 61.0 10.30 15.54 
26 85.0 14.38 18.77 
27 73.0 12.33 16.19 
28 76.6 12.88 17.01 
29 66.0 Halil} 15.30 


The method employed for the plotting of the correction curve is 
that recommended by Pearl.” The hemoglobin determinations on 
the 2 instruments showed a high degree of correlation, the corre- 
lation coefficient (r) being .8669 + .0984. From the fact that the 
correlation ratio (n) for these 29 determinations is not significantly 
different from the correlation coefficient (n = .9349 €= nn’ —r? = 
.1163 + .0835) it has been concluded that the correlation is linear. 
Correction curves have been calculated by the method of averages 
and the method of least squares. None of these has been found 
altogether satisfactory. A logarithmic curve of the formula 
y = 6.25 + 1.038 x + .0286 log x has finally been selected as the 
best fitting curve. (See Figure +1.) 

As the result of this recalibration, the author has come to the 
conclusion that the hemoglobin figures already reported for normal 
young men in the South’ are too low. By the new calibration the 
published average of 15.85 gm. becomes 17.0 gm., with 73% of the 


2 Pearl, R., ‘‘Medical Biometry and Statistics,?’ W. B. Saunders Co., Phila., 
1927. 
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determinations ranging between 15.5 and 18.5 gm. This figure 
agrees exactly with Williamson’s’ finding in 214 men 20 to 80 years 
of age and is close to his result of 16.8 gm. in 36 men 20 to 30 
years of age. The average of 317 relatively reliable hemoglobin de- 
terminations made in different parts of the world becomes 16.23 gm. 
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Pig. 1. Correction curves for Hewcomer hemoglobinometer. 


The average hemoglobin coefficient for the 100 men examined by 
the author becomes on the new scale 14.53 gm. instead of 13.66 gm., 
with 90% between 13 and 17.35 gm. The average hemoglobin 
coefficient based on 274 determinations made in different parts of 
the world is 14.61 gm. which agrees closely with the coefficient sug- 
gested by Osgood* (14.7). 

Recalculation of color indexes on the basis of a hemoglobin coeffi- 
cient of 14.6 gm. shows the following: 


Hagen, (Rausgs City 202 ea ee 20 men, averaging 1.07 
Osgood’, (Oregon) sso So ae ee ihe es 1.00 
Wintrobe and Miller’ (Louisiana) ~_____ 1007 ‘“ 1.00 
Gram and Norgaard® (Denmark) ______ "avs 4 0.96 
Bie and Moller’ (Denmark) 2 cese so LORY’ 4 0.91 


Total, 274 men, averaging 1.00. 


% Williamson, C. S., Arch. Int. Med., 1916, xviii, 505. 

4 Osgood, Edwin E., Arch. Int. Med., 1926, xxxvii, 685. 

5 Haden, R. L., Arch. Int. Med., 1923, xxxi, 765. 

6 Gram, H. C., and Norgaard, A., Arch. Int. Med., 1923, xxxi, 164, 
7 Bie, V., and Moller, P., Arch. d. mal. du coeur, LOZ PV nit 
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Corresponding saturation indexes, based on a hemoglobin coeffi- 
cient of 14.6 gm. and a volume coefficient of 41 cc. are: 


Wintrobe and Miller (Louisiana) _______ 100 men, averaging 1.02 
Osgoodm(Orevon)\ = ae UO eS 1s eile i 0.98 
PiadenpcWaticis  Gity ) ests ee) ee Zag) gD 0.96 
Gram and Norgaard (Denmark) _______ Taek vi 0.91 
Bie and Moller (Denmark) ____________ Oe is 0.89 


Total, 231 men, averaging 0.99. 
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Influence of Change of Sex on the Intensity of Heredity. 


J. ARTHUR HARRIS, MARIAN A. WILDER anp BORGHILD GUNSTAD. 


From the Department of Botany, Unwwersity of Minnesota, Minneapolis, Minn. 


Of recent years intense interest in the investigation of “sex lim- 
ited” or “sex linked’’ inheritance by genetic experimentation has 
tended to divert attention from some of the phenomena of sex noted 
by statistical workers many years ago. 

Pearson,’ in studying Francis Galton’s data for eye color in hu- 
man ascendants and descendants, noted that the eye color of the 
younger generation is more highly correlated with an ascendant or 
collateral of the same than of the opposite sex, and suggests “that 
change of sex weakens the intensity of heredity.”’ Lutz’ determined 
the correlations between the eye color of the great grandparents and 
the great grandchildren and concluded that “every change of sex in 
the line of ancestry sensibly weakens the intensity of inheritance.”’ 

While the original data are given in multiple categories both 
Pearson and Lutz used the classical 4-fold table method of deter- 
mining correlation, dividing the colors for both generations into 2 
alternative classes at about the middle of the series of color cate- 
gories. Since their work was done, papers on contingency*® and on 
equivalent probability correlation* methods have appgared. It has, 
therefore, seemed worth while to recalculate these correlations by 


1 Pearson, Phil. Trans. Roy. Soc. Lond., 1900, A. 195, exev, 79. 
2 Lutz, Biometrika, 1903, ii, 237. 

3 Pearson, Draper’s Co. Res. Mem., Biom. Ser., 1904, i, 1. 

4 Pearson, K., Draper’s Co. Res. Mem., Biom. Ser., 1912, vii, 1. 


. 
5) 
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In determining the equivalent probability correlation coefficients 


The original data were recorded in the categories: 1, Light blue 
2, Blue, dark blue; 3, Grey, blue green; 4, Dark grey, hazel ; 5, Light 
the same groupings of the original 8 categories were made as were 


brown; 6, Brown; 7, Dark brown; 8, Very dark brown, black. 


these 2 methods, and to compare the results with those obtained by 
Pearson and Lutz with the classical 4-fold method. 


employed by Pearson and Lutz, that is, the series of classes was 
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broken into 2 groups at the line between “grey, blue green” and 
“dark grey, hazel.” 

In determining the contingency coefficients a certain amount of 
grouping was necessary to avoid the undue influence of cells of ab- 
normally small frequencies. Pearson noted this source of error in 
the application of the contingency methods and it has been recently 
emphasized.” For the data given by Pearson the original 8x8-fold 
grouping has been maintained since N is generally large. For Lutz’s 
data contingency coefficients were obtained from 8x8-fold tables and 
from tables with a 6-fold classification (classes 1-2, 3, 4, 5-6, 7, 8) 
for the offspring generation and with a 5-fold classification (classes 
1-2, 3, 4, 5-6, 7-8) for the great-grandparental generation. Both 
sets of coefficients are given. 

The results appear on Table I, which gives the individual coeffi- 
cients as calculated by the 3 methods. In the case of the parental 
and grandparental generations coefficients are given for the indi- 
vidual combinations of GF = grandfather, F = father, S = son, 
GM = grandmother, M = mother, D= daughter. In the case of 
the great-grandparents’ correlations the number of cases was not 
sufficiently large to make possible the calculation of the 16 possible 
coefficients representing each possible combination of sex. The coetf- 
ficients for a combination of the data to show the magnitudes of the 
coefficients for 0, 1, 2 and 3 changes of sex are therefore substituted. 

The first point of interest is the excellent agreement of the equiva- 
lent probability correlation coefficients with those calculated from 
the older 4-fold method. They substantiate fully the conclusions 
drawn by Karl Pearson and F. E. Lutz concerning the influence of 
change of sex on the coefficients measuring the resemblance of as- 
cendants and descendants with respect to eye color. 

The contingency coefficients are in general somewhat larger and 
somewhat more irregular. The only conspicuous exceptions to the 
conclusions to be drawn from the coefficients based on 4-fold group- 
ings are those found in the case of 1 to 3 changes of sex in the 
great-grandparental correlation. Here the data are not merely less 
abundant but are probably less reliable. Because of the relatively 
small number of cases, the influence of cells with low frequencies 
is presumably large. This is evident from the fact that coefficients 
based on 8x8-fold tables are materially larger than those computed 
from 6x5-fold tables. 

We have no suggestion as to the genetic interpretation of the re- 
sults. The purpose of this note is merely to call attention again to 


> Harris and Treloar, J. Am. Stat. Assn., 1927, xxii, 460. 
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the existence of relationships which seem to have been largely neg- 
lected of recent years, and which must be more fully investigated 
before we can feel that the problem of the inheritance of various 
human characteristics has been adequately treated. 
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Reactions of Subcutaneous Tissue to Sodium Ricinoleate and Other 
Foreign Substances. 


MARTHA W. EKOLA. (Introduced by W. P. Larson.) 


From the Department of Zoology, University of Mummnesota. 


The purpose of this study was to ascertain whether there is a 
specific cytological response of subcutaneous tissue to detoxified 
toxin as compared with the reaction to a pure toxin. For further 
comparison of the reactions, one of the least toxic colloidal dyes 
was used. 

Adult rabbits were injected subcutaneously with single doses of 
1 cc. of 1% trypan blau in distilled water, 1 cc. of 1% sodium ricin- 
oleate in distilled water, 1 cc. of diphtheria toxin in 1/500 dilution, 
and 1 cc. of diphtheria vaccine, 7. e., a combination of sodium ricin- 
oleate and diphtheria toxin as prepared by Dr. W. P. Larson of the 
University of Minnesota. Subcutaneous tissue spreads were made 
by the spread method used by Maximow, von Mollendorf and others, 
and were fixed immediately in Zenker-formol. The stains used 
were Dominici’s Eosin-Orange G and Toluidine Blue, Maximow’s 
Hematoxylin Azure II-Eosin, Heidenhain’s Iron Hematoxylin, and 
Weigert’s Iron Hematoxylin. Tissue was taken at 45 minute, 1, 2, 
3, and 4 day intervals for direct comparison of the effect of each of 
the named substances. 

Very little difference in the appearance of the site of injection was 
noted in the 45 minute stage in the majority of cases. There were 
a few cases in which the area of injection turned greyish white when 
soap, toxin or vaccine was used, and then gradually became mildly 
inflamed. Some of the animals chewed at the irritated spot and 
produced an open sore, but no abscesses were found. When incision 
was made 45 minutes after injection, the subcutaneous tissue was 
very soft and gelatinous with a considerable quantity of fluid which 
probably was due in part to the undiffused irritant. The tissue was 


of pearly white color except with trypan blau, which had stained 
everything intensely blue. 
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In a few animals, 1 day after injection of each of the irritating 
substances, the area of injection became firm and thickened, and 
could not be raised from the muscular layers as could be done with 
the others. In such cases, the tissue was taken as near the site of 
injection as possible. The subcutaneous tissue was abundant, fairly 
gelatinous, and pearly white after injection of the soap, toxin, and 
vaccine, and blue after injection of trypan blau. 

The 2 day stage was very similar to the one day stage with ali 
the irritants used except with trypan blau, when the tissue was 
lighter blue. 

The 3 and 4 day stages were very much alike in gross appear- 
ance, being somewhat thickened but not as firm as in the one day 
stage. The tissue in the trypan blau material was. only faintly blue. 

On microscopic examination the subcutaneous tissue from the 
trypan blau injected animals at the 45 minute stage showed, when 
it was dehydrated, cleared and mounted without further staining, 
that the cellular and fibrous elements had been diffusely colored by 
the vital dye as has been described by Downey. At this early stage 
the stained preparations did not show signs of inflammatory activ- 
ity except for the presence of the dye particles in the cytoplasm of 
some of the fibroblasts and clasmatocytes. No polymorphonuclear 
leucocytes were seen. , 

In the corresponding stage in the soap material the general ap- 
pearance was very similar, except that apparently empty vacuoles 
were present in the cells instead of dye particles. 

Spreads made of toxin and vaccine injected subcutaneous tissues 
had more lymphocytes in some cases than did either the soap or 
trypan blau material, and the majority of these had very pycnotic 
nuclei. The cytoplasm of some of the larger lymphoid type of cells 
was very vacuolated, but contained no visible inclusions. There 
were definite signs of necrosis in the toxin injected tissue spreads. 

With each of the irritants, polymorphonuclear leucocytes were 
most abundant one day after injection. The lymphocytes and poly- 
blasts were fairly numerous in some spreads, with some variation 
between the individual animals. 

On the second day there were great numbers of polyblasts, com- 
paratively few typical fibroblasts and clasmatocytes, and fewer poly- 
morphonuclear leucocytes than in the previous stage. The latter 
were breaking down and being phagocytozed by the polyblasts, 
clasmatocytes and fibroblasts. The soap, toxin and vaccine ma- 
terials as well as the trypan blau injected subcutaneous tissue showed 
very little difference in reaction, a difference which did not sur- 
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pass the variation in reaction of the individual animals to the same 
irritant. 

On the third and fourth days the polyblasts were still the pre- 
dominating cell type. There were but few typical clasmatocytes and 
fibroblasts present. The only marked difference with the substances 
used was the visibility of the ingested dye in the vacuoles of the cells 
in the trypan blau material, and the apparently empty vacuoles in the 
cells of the soap, vaccine and toxin materials. 

These results would lead one to the conclusion that the soap and 
diphtheria-soap vaccine are not much more irritating to the sub- 
cutaneous tissue of rabbits than is trypan blau, which is considered 
the least toxic of the vital dyes. The diphtheria toxin alone, al- 
though no more specific in its effect on the cellular response, pro- 
duces more necrosis than the ether irritants used. 


Missourt Branch. 
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Studies of Experimental Streptococcus Arthritis. IV. Effect of 
Sodium Salicylate on Skin Allergy. 


R. A. KINSELLA ann O. E. HAGEBUSH. 


From the Departments of Internal Medicine and Bacteriology, St. Louis 
University School of Medicine. 


The effect of sodium salicylate on the development of dermal ai- 
lergy in the presence of hemolytic streptococcal arthritis was studied 
because this drug is commonly employed in the treatment of acute 
rheumatic fever, and because the studies of Swift’ concerning the 
pathogenesis of this disease support the idea that allergy to strepto- 
cocci of various kinds is a factor in its production. 

As previously reported by us,” the production of arthritis in rab- 
bits by the inoculation into a knee joint of 0.1 cc. of 24 hour broth 
culture of hemolytic streptococcus will be followed, in 6 days, by 
the appearance of a strongly positive local reaction to intradermal 
injection of a filtrate of a 5 day culture in Harley’s medium. This 
skin reaction takes 12 to 24 hours to develop. All rabbits were 
tested previous to the experiment and found to give no such reac- 
tion. 

In this study 24 rabbits were employed, 12 of which received so- 
dium salicylate and 12 were used as controls. Of those which re- 
ceived sodium salicylate, 6 received the drug for a considerable per- 
iod before receiving an intra-articular injection of 0.1 cc. of culture 
of hemolytic streptococcus; and 6 rabbits received the drug and the 
culture at the same time. The dose of sodium salicylate was 0.2 gm. 
per kilo in 4% solution and was given intravenously. The first 
series of 6 received 8 daily injections of salicylate and after an inter- 
val of 12 days, during which the animals were in good health, re- 
ceived 6 more injections given at 2 day intervals. After the injec- 
tion of streptococci into the knee joint, 3 more daily injections of 


. Swift, H. F., Derick, C. L., and Hitchcock, 0, H., J. Am. Med. Assn., 1928, xe, 


906. 
2 Kinsella, R. A., and Hagebush, O. E., Proc. Soc. Exp. Bion. anp Mep., 1929, 


xxvi, 642. 
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sodium salicylate were used and 3 days later skin tests were made. 
At this time 3 of the series were dead. The 3 survivors showed 
completely negative tests. Two of these animals were tested at in- 
tervals of a week and gave 2 more negative tests before dying; the 
other gave 3 more negative tests before dying. The animals re- 
ceiving salicylate died more readily than the controls. 

In the second series of 6 rabbits, the animals received the injection 
of salicylate 24 hours before the intra-articular injection was made. 
Thereafter 4 daily injections of. salicylate were given and 4 animals 
survived. These were tested 8 days after arthritis was produced, 
and gave negative tests. Four further daily injections were made 
and 2 surviving rabbits gave negative tests. 

Twelve control rabbits were used which gave strongly positive 
skin reactions 6 days after arthritis was produced, and the reactions 
remained positive. The arthritis was highly fatal to all the animals 
but more so to those animals receiving salicylate. 

The conclusion is supported, that the intravenous injection of 
sodium salicylate prevents the development, in rabbits having a 
streptococcal arthritis, of a positive skin reaction to filtrate of hem- 
olytic streptococcus culture. 
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Nutritional Factors Affecting Growth of Rats on Diets Containing 
Sodium Benzoate. 


WENDELL H. GRIFFITH. 


From the Department of Biological Chemistry, St. Louis University School of 
Medicine. 


In a recent report’ it was shown that survival and growth of 
young rats on diets containing sodium benzoate were possible only 
if the diets furnished the nutrient materials necessary for growth 
and especially a supply of glycine, or of a precursor, adequate for 
the detoxication of the benzoate and for the formation of new tissue 
proteins. In connection with these experiments, it was noted that 
certain toxic benzoate diets were less toxic if the rats were kept in 
cages resting on shavings rather than in raised cages.? This fact 
suggested that glycine or some other dietary factor was obtained 
by the rats from the excreta or from the shavings. In these experi- 


1 Griffith, W. H., J. Biol. Chem., 1929, Ixxwii, 415. 
2 Griffith, W. H., J. Biol. Chem., 1928, Ixxviii, 24. 
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ments the basal diet was supplemented daily with 150 mg. of dried 
brewer’s yeast. Subsequent work showed that this quantity of 
yeast did not supply the optimum concentration of the vitamin B 
complex and also demonstrated that the ingestion of the excreta or 
shavings furnished the needed vitamins rather than glycine. 

In the experiments reported in this paper, the basal diet was sup- 
plemented with 300 mg. of yeast. On this diet rats grew as well in 
raised cages as in cages on shavings. This was true in experiments 
in which the diet was fed ad libitwm and also in experiments in 
which the food intake was restricted (Chart 1). Apparently on this 
diet the excreta or shavings furnished no additional necessary nu- 
trient substances. 

The effect on survival and growth of adding sodium benzoate to 
the new basal diet is also shown in Chart 1. The toxic concentra- 
tion of benzoate in these experiments was 3.5%. The toxic con- 
centration of benzoate in the previous experiments was 3%. The 2 
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series differed only in the amount of the daily yeast supplement and 
it was concluded that the increased tolerance for benzoate, observed 
in the second series, was due partly to more efficient utilization of 
the food and partly to the presence of glycine in the additional yeast 
protein. 
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Effect of Hormones of Anterior Pituitary on Thyroid Gland in 
the Guinea-Pig. 


LEO LOEB anp R. B. BASSETT. 


From the Department of Pathology, Washington University School of Medicine, 
St. Louis, Mo. 


In former investigations Loeb’*? and Loeb and Kaplan’ have 
shown that feeding of tablets of anterior pituitary substance (Ar- 
mour & Co.) prevents, in the guinea pig, compensatory hypertrophy 
which otherwise occurs in many cases after the greater part of the 
thyroid has been extirpated. H. A. McCordock* through feeding 
of these tablets prevented the marked cell proliferation which occurs 
in the guinea pig after administration of potassium iodide. There 
are also prevented the slight changes in colloid and in the size of the 
acinus cells caused by iodine. These experiments proved that in 
Armour’s Anterior Pituitary preparation there is present a substance 
which prevents growth processes (hypertrophy and hyperplasia) in 
the thyroid of the guinea pig. 

However, in larvae of amphibia, it has been shown that removal 
of the anterior pituitary may cause atrophic changes in the thyroid 
gland (B. M. Allen,® P. E. Smith*) or, conversely, that injection of 
acid extracts of anterior pituitary may stimulate the thyroid gland 
and cause morphological changes indicative of active secretion (FE. 
Uhlenhuth and S. Schwartzbach’). These facts suggested to us the 
possibility that there may be present, also, in the mammalian an- 
terior pituitary, substances which have a stimulating effect on the 
thyroid gland. : 


1 Loeb, Leo, J. Med. Res., 1920, xli, 481. 

2 Loeb, Leo, and Kaplan, E. E., J. Med..Res., 1924, xliv, 557. 

3 Loeb, Leo, 4m. J. Pathol., 1929, v, 71. 

+ McCordock, H. A., Am. J. Pathol., 1929, v, 171. 

5 Allen, B. M., Anat. Rec., 1917, xi, 486. 

SSmith, P. E., Anat. Rec., 1917, xi, 57. 

* Uhlenhuth, E., and Schwartzbach, 8., Brit. J. Hap. Biol., 1927, y, 1. 
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We prepared, from dried and powdered anterior pituitary of 
cattle, acid as well as alkaline extracts (subsequently neutralized) 
of which we injected daily 1 cc. intraperitoneally in each of a series 
of 19 guinea pigs, an additional animal as well as animals used in 
other series serving as controls. We used 2 different concentrations 
in both the alkaline and the acid extract. The injections extended 
over periods varying between 7 and 19 days.. There resulted in 
every case hypertrophy of the thyroid gland; it varied in intensity 
in different animals but on the average was very pronounced and 
exceeded considerably the average obtained in cases of compensatory 
hypertrophy following extirpation of the thyroid gland. Especially 
in the younger animals the changes were very pronounced: All the 
signs of compensatory hypertrophy were thus imitated: Enlargement 
of the acinus cells; the appearance of granules in the portion of the 
cell directed towards the lumen of the acinus; softening and ab- 
sorption of colloid; an irregular and often slit-like shape of the 
acini and, in certain cases, a great increase in mitoses. The hyper- 
trophy exceeded considerably that found after administration of 
iodine in the guinea pig, where the mitotic proliferation is the 
principal effect obtained. Both acid and alkali extracts were able to 
produce this hypertrophy. 

Of great interest is the relative or absolute loss in weight asso- 
ciated with the injections in the large majority of cases. It is es- 
pecially marked in the heavy animals, while in the small (young) 
guinea pigs the majority retained approximately their weight or 
lost only a small amount. However, the relative loss of weight as 
indicated in the failure of the animals to gain during the period of 
injection is very great also in the young guinea pigs. In those ani- 
mals which showed a distinct gain during the course of the experi- 
ments, the average intensity of hypertrophy is much less than in the 
others. This parallelism between intensity of hypertrophic changes 
and the weight curve of the guinea pigs suggests very strongly the 
conclusion that administration of the extracts caused an increased 
elimination of thyroid hormones into the circulation and thus caused 
an increase in metabolism. However, there remains the possibility 
that the extracts may affect the metabolism also directly and not 
merely by way of the thyroid. 

We have, then, to deal with 2 opposite effects on the thyroid 
gland of substances obtained from the anterior pituitary. Feeding 
of Armour’s tablets of anterior pituitary inhibits growth processes 
and function in the thyroid gland, whereas intraperitoneal injection 
of acid or alkaline extracts stimulates markedly the growth processes 
and apparently also the function of this organ. We have now a 
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simple method which allows, in the guinea pig, the production of 
very intensive hypertrophy of the thyroid gland within a relatively 
short period of time. 

Thus far these results apply only to the guinea pig, where the 
thyroid gland seems more responsive to stimulation than in certain 
other animals. 
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Studies on Growth. II. Effect of Liver Extract on Food Con- 
sumption, Food Utilization and Growth. 


WENDELL H. GRIFFITH anp CLAIRE E. GRAHAM. 


From the Department of Biological Chemistry, St. Louis University School of 
Medicine. 


In certain of our experiments it has been necessary to investigate 
the effect of the addition of liver to the diet of growing rats. Os- 
borne and Mendel’ have recently called attention to the marked ac- 
celeration of the growth rate which occurs under these circum- 
stances. It was possible from our experiments to show the dif- 
ference between the action of yeast and of liver on the consump- 


TABLE I. 


Hffect of Liver Extract and of Yeast on Food Consumption, Food Utilization 
and Growth. 
Aver. in- Aver. | Calories 
Diet No. of |creased wt.,| food per gm. Remarks 
rats” 40 day intake | increase 
period in weight 
. eal. 
Mixed stock ve 
control diet 17 115 _— — Diet fed ad libitum. 
B+ 0.3 gm. 
yeast 10 118 1345 lit Agee ely a es 
B+ 0.3 gm. 
yeast and liv- 
er extract 10 161 1630 10.1 A 2 i ee ie ed 
B+ 0.15 gm. 
yeast 17 62 975 15.7 |Restricted food intake 
B+ 0.3 gm. 
yeast 16 80 975 12.2 Mie SR ll 
B+ 0.3 gm. 
yeast and liv- 
er extract 10 73 975 13.4 ei ge 2 


* Males, 30 days of age, were used. 


1 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1926, lxix, 661. 
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tion and the utilization of food. The addition of yeast to diets 
partially inadequate in the vitamin B complex increases the food in- 
take of the rats but primarily increases the degree of utilization of 
the food ingested. The addition of liver to an adequate diet has 
little effect on the degree of utilization of the food but greatly in- 
creases the food intake. The effect of yeast and of liver on the 
consumption of food was demonstrated in experiments in which the 
diets were fed ad libitum. The effect of liver and of yeast on the 
utilization of food was demonstrated in experiments in which the 
food intake was restricted so that the rats received equal quantities 
of food of equivalent calorific value. The results of these experi- 
ments are shown in Table I. The extraordinary effect of the liver 
on the rate of growth of rats may be attributed to the increased 
food intake resulting from stimulation of the appetite. It is note- 
worthy that this stimulation of appetite was most evident during the 
first half of the 40 day period and was hardly apparent during the 
last half. This investigation of the relation of the appetite to food 
intake, food utilization, and growth is being continued. 
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Pathogenic Properties of Organisms Obtained From Joints in 
Chronic Arthritis. 


J. ALBERT KEY, 


From the Shriner’s Hospital and the Departments of Medicine and Surgery of 
Washington University, St. Louis, Mo. 


During recent years considerable evidence has been brought for- 
ward to show that chronic arthritis is due to streptococci. Forkner, 
Shands and Paston' obtained Streptococcus viridans from the joints 
in 11 of 63 cases; Cecil, Nicholls, and Stainsby’ obtained cultures 
of atypical streptococci from the blood in 49 of 78 cases. 

I wish to report the results of cultures from the joints of 50 cases. 
In most instances the cultures were made from material obtained by 
aspiration of the joints and periarticular tissues. From 10 to 20 
cultures were made from each joint and several varieties of culture 
media were used. The media which proved most successful were 
Rosenow’s glucose brain broth and hormone medium, made from 
beef heart. 


1 Forkner, Shands and Poston, Arch. Int. Med., 1928, xlii, 675. 
2 Cecil, Nicholls and Stainsby, Arch. Int. Med., 1929, xliii, 571. 
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Eighty-eight aspirations were performed on 50 cases. Of these 
39 were chronic atrophic arthritis, 6 were chronic hypertrophic ar- 
thritis, and 5 were periarthritis of the shoulder. In addition to the 
aspirations, biopsies were performed 9 times in 7 cases and cultures 
were made from small bits of synovial membrane and cartilage. 
Positive cultures were obtained in 20 of 39 cases (51%) of atrophic 
arthritis, in 3 of 6 cases (50%) of hypertrophic, and in 2 of 5 cases 
(40%) of periarthritis of the shoulder. The organisms obtained 
were staphylococcus, 15 times, minute bacilli in masses, 4 times, 
mixed cultures of the above organisms, 10 times. In 2 of the 
mixed cultures short chained non-hemolytic streptococci were asso- 
ciated with either diptheroids or staphylococci. There was no ten- 
dency for any one organism to be associated with either the atrophic 
or hypertrophic form of the disease. 

The organisms were as a rule slow growing in the original cul- 
tures, and in some cases did not appear until 3 weeks after the inoc- 
ulation. They did not grow in ordinary media and there was con- 
siderable difference in the amount of growth in the media used; 
while some of them died out within a few weeks. The cocci were 
uniformly gram positive, while the minute bacilli or diptheroids, were 
gram negative, but often contained polar bodies which were feebly 
gram positive. The pathogenic properties of the organisms were 
tested by injecting them into the knee joints of a series of rabbits 
77 rabbits were injected with organisms obtained from 15 cases, and 
in each instance both knee joints were used, making a total of 154 
experimental joints. In one of these rabbits were pyogenic joints 
produced. 40 of the joints were negative. In the remaining 114 
there was a variable degree of chronic arthritis. These have been 
classified as --,-E--, -+----Fiand =---s- 4s) varying irom sight c- 
cess of clear fluid with a small amount of synovial hyperplasia, to 
joints which were markedly distended with cloudy fluid and in 
which there was some periarticular thickening and marked hyper- 
plasia of the synovial membrane; or joints in which there was rela- 
tively little excess fluid, but in which there was marked degeneration 
of the cartilage with considerable synovial proliferation and, in 
some cases, overgrowth of bone cartilage. The gross and micro- 
scopic changes in the joints and the cytology of the exudates were 
similar to those present in the chronic arthritic joints of humans; 
but there was no tendency for the disease to involve joints which 
had not been injected, and in none of these rabbits was the typical 


polyarthritis produced, although some of them were kept over a 
year. 
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When the animals were sacrificed small bits of the synovial mem- 
brane were planted in culture media. Of 90 joints, thus cultured, 
25 were positive and 65 were negative. Nine of the positive cul- 
tures were contaminations, and in the remaining 16, organisms ap- 
parently identical with those injected were obtained. 

We have thus produced the lesions characteristic of chronic ar- 
thritis in a series of rabbits by injecting organisms obtained from 
the joints of patients with the disease, and in a certain number of 
cases we have grown the organisms from the joints of the rabbits. 
We have injected these organisms into the circulation of rabbits 
with negative results. The staphylococci produced chronic arthritis 
in 66 of 84 instances (78%) and minute bacilli produced chronic 
arthritis in 34 of 50 instances (66%). 

These results are open to 3 interpretations. (1) We are dealing 
with contaminations which are capable of producing chronic low 
grade arthritis, in animals. (2) We are dealing with non-specific 
organisms which are present in the tissues of patients with chronic 
arthritis, but which have no causative relationship to the disease. 
(3) Chronic arthritis is an infectious disease which may be due to 
any one of several organisms and is most often due to a low grade 
staphylococcus. It is probable that there is some as yet unknown 
abnormal susceptibility in those individuals who develop the disease. 
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Oxidation of Lactic Acid by Dog Erythrocytes. 


W. B. WENDEL. (Introduced by P. A. Shaffer.) 


From the Laboratory of Biological Chemistry, Washington Uniwersity School of 
Medicine. 


The blood of certain species converts glucose to lactic acid but 
lacks the power of oxidizing either, and of oxygen consumption. 
The observation by Firth and Lieben* of lactic acid destruction by 
horse erythrocytes was not confirmed by Warkany ;* while Koechig” 
in this laboratory using the method described by Ray* failed to de- 
tect loss of lactate or formation of acetaldehyde. It appears that 


1 Fiirth and Lieben, Biochem. Z., 1922, exxvili, 144. 
2 Warkany, Biochem. Z., 1927, clxxxiv, 480, 

3 Koechig, unpublished results, 

4 Ray, Am. J. Physiol., 1927, lxxxii, 405. 
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such “activation” of glucose as occurs in glycolysis does not alone 
suffice to accomplish the oxidation either of glucose or lactic acid— 
or an intermediate—by molecular oxygen. The same inference can 
be drawn from the similar behavior of cancer tissue or muscle ex- 
tracts, the glycolyzing power of which is little affected by oxygen 
(Warburg and Meyerhof). 

Recently Barron and Harrop have shown that the addition of 
methylene blue to blood undergoing glycolysis causes a marked 
change in its behavior. There results an increase of O. consumption 
and of CO, production,*® and a large part of the sugar which disap- 
pears fails to appear as lactic acid,® thus resembling reactions ob- 
served with muscle and other tissues. In the presence of the dye the 
blood respires with the oxidation, presumably, of either glucose or 
lactic acid or both. The rate of sugar disappearance is only slightly 
affected. The dye appears to supply an oxidation catalyst of a sort 
which is normally absent. 

We have confirmed the observations of Barron and Harrop cited 
above and have attempted to decide whether it is the glucose which 
is oxidized and thus prevented from appearing as lactic acid, or 
whether lactic acid may be first formed and subsequently oxidized. 

Our results show that dl-sodium lactate added to washed blood 
erythrocytes disappears on incubation in air in the presence, but not 
in the absence of methylene blue. The fact that O. consumption is 
increased indicates that the lactic acid is oxidized. It seems unlikely 
that it could be converted to some form of carbohydrate; no evi- 
dence for such possibility has been found. The action of methylene 
blue in bringing about the oxidation of lactate is not prevented by 
cyanide or fluoride. Since cyanide, abolishes metal catalysis and 
fluoride prevents glycolysis, neither of these factors is necessarily 
concerned. In serum but under otherwise identical conditjons 
neither lactate nor glucose is oxidized. The facts stated seem to in- 
dicate that corpuscles “activate” (‘““dehydrogenate”’) lactate, but not 
to a degree allowing oxidation by molecular oxygen or other com- 
ponents or catalysts (glutathione) present in blood. Methylene blue 
serves as a more efficient catalyst, presumably of a higher oxidation 
intensity, and perhaps resembling the iron-bearing catalysts which 
are supposed to participate in the more active oxidations in other 
tissues. 

The red corpuscles of freshly drawn defibrinated dog blood were 
washed once with saline and suspended in an equal volume of an 


5 Harrop and Barron, J. Hap. Med., 1928, xlviii, 207. 
° Barron and Harrop, J. Biol. Chem., 1928, Ixxix, 65. 
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isotonic solution containing NaCl, sodium lactate and phosphate 
buffer (pH 7.3). One portion was precipitated immediately by the 
ZnSO; method of Somogyi.’ Two other samples, one containing 
0.005% methylene blue, were incubated in stoppered 300 cc. Erlen- 
meyer flasks. During incubation the flasks were rocked mechanic- 
ally by motor to maintain uniform aeration. The short periods of 
incubation preclude errors from bacterial growth. Sugar (“true 
sugar”) was determined on zinc filtrates, using a modified Shaffer- 
Hartmann reagent (unpublished No. 30 by Shaffer and Somogyi) 
which permits accurate determinations at very low sugar concentra- 


tions. Lactic acid was determined on copper-lime filtrates by the ox- 
idation method.* 


TABLE I. 
Description Sugar in 100 ce. Lactic acid in 100 ee. 
corpuscle suspension. corpusele suspension. 
Present Change Present Change 
mg. mg. mg. mg. 
Control (not incubated) 8 — 158 = 
Control (ineubated 3 hrs. 
37° C.) 0 —8s 167 +9 
Incubated with methylene 
blue 5 —3 131 —27 


The data given in the table illustrate the results obtained. With- 
out methylene blue there is no evidence of loss of lactate, but rather 
in increase equal to the loss of glucose. In presence of the dye 20 
to 35 mg. % of lactate disappears. Although the amount lost is not 
as great as with unwashed corpuscles the results are well beyond 
analytical errors and have been obtained in a series of such exper- 
iments. 
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Anatomical Evidence for Existence of Enteric Reflex Arcs Following 
Degeneration of Extrinsic Nerves. 


MYRON C. WADDELL. (Introduced by A. Kuntz.) 


From the St. Lowis University School of Medicine. 


Dogs were subjected to an operation in which a large mesenteric 
artery and the nerves accompanying it were divided in order to 


7 Somogyi, M., Proc. Soc. Exe. Biou. AND Mep., 1929, xxvi, 353. 
8 Friedemann, Cotonio and Shaffer, J. Biol. Chem., 1927, Ixxiii, 335. 
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insure complete elimination of the extrinsic nerves to a segment of 
the intestine. The animals were kept alive from 15 to 60 days after 
the operation to allow ample time for degeneration of all extrinsic 
nerves. All of the material used in this study was prepared by the 
pyridine silver method. 

Following degeneration of the extrinsic fibers, the intercellular 
plexus was greatly reduced, but a fine intercellular plexus in relation 
to the ganglion cells remained. The fibers which make up this 
plexus are of much smaller caliber than the extrinsic fibers which 
make up the greater part of the normal intercullular plexus. The 
large dendrites of the local ganglion cells which, according to John- 
son’ are the only processes remaining in the ganglia after degenera- 
tion of the extrinsic nerves were also observed. These are so much 
larger than the other fibers of the intercellular plexus that they can- 
not be confused with the latter. 

An axon could be traced from its cell of origin to its termination 
on a neighboring cell in quite a number of cases. These fibers to- 
gether with those which extend for some distance in either the 
myenteric or submucous plexus, or run from one of these plexuses 
into the other, make up the fine intercellular plexus which is present 
after degeneration of the extrinsic fibers. 

A rich plexus composed of very fine varicose fibers lies directly 
beneath the intestinal epithelium. Fibers from this plexus ramify 
between the epithelial cells and form a network around their basal 
parts, where they terminate in fine terminal branches.” Fibers can 
be traced from this plexus to the submucous plexus. Degener- 
ation of the extrinsic nerve fibers did not entirely destroy the 
fine subepithelial plexus. The fibers which remained are of the 
same caliber as those of the fine intercellular plexus. Fibers could 
be traced, after degeneration of the extrinsic fibers, to their termina- 
tion in relation to both goblet cells and the other epithelial cells. 
The fibers supplying the goblet cells were interpreted as secretory ; 
those supplying the other epithelial cells were interpreted as sensory 
or afferent. Since all extrinsic fibers had degenerated, it must be 
assumed that these fibers arise from cells in the enteric plexuses. 

In view of the fact that degeneration of the extrinsic fibers de- 
stroys only a portion of the subepithelial plexus, leaving fiber ter- 
minations in relation to both secretory and other epithelial cells, and 
that synaptic relationships between enteric neurons have been demon- 
strated, the conclusion seems to be warranted that both afferent and 

1 Johnson, 8S. E., J. Comp. Neur., 1925, xxxviii 

2 Hill, C. J., Trans. Royal Soc. London, 1927, cexv, 
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efferent fibers are present and that reflex arcs exist within the wall 
of the intestine. 


4564 


Influence of Serum From Pernicious Anemic Persons Treated by 
Liver on Growth of Seedlings. 


LEON A. TSCHERKES. (Introduced by David I. Macht.) 


From the Department of Morphology and Physiology, State Research Institute 
for General Pathology and Pharmaceutical Chemistry, Odessa. 


The nature of the therapeutical effect produced by liver in cases 
of pernicious anemia is still under discussion, and we desired to es- 
tablish whether the toxicity of blood of such patients undergoes any 
changes under treatment by liver, in order to determine the character 
of its influence on the blood. 

We used the toxic blood of patients suffering from pernicious 
anemia, which impeded abruptly the growth of seedlings of Lupinus 
albus in the Shive nutritive solution, Macht. We used the methods 
suggested by Macht, except that for the germination of Lupinus al- 
bus seedlings we used boiled sawdust instead of sphagnum moss. 

We determined the phytotoxic index in 7 cases of pernicious 
anemia treated with liver during 7 to 12 months with excellent effect. 
Whereas before the treatment the patients all showed severe symp- 
toms of typical pernicious anemia, after the above periods they were 
all entirely efficient, clinically healthy, and the picture of blood did 
not show any deviations from the norm. They did not stop taking 
liver, and yet we discovered in all cases very pronounced phyto- 
toxicity of serum, such as Macht found in cases of untreated per- 
nicious anemia studied by him, afterwards confirmed in our further 
experiments. 

The phytotoxical index varied in 6 cases from 46 to 50%, and in 
one case was as high as 54%. The latter case showed a propensity 
to spontaneous remission even before the beginning of liver treat- 
ment. In 2 untreated cases the index was 46 and 47%, and in one 
case after a week’s treatment it was 46%. Finally, in one case, after 
7 weeks’ treatment by liver the index went up from 46 to 51%. 
Besides this last mentioned case, we have at present none at our 
disposal in which the variations of index could be determined dur- 


1 Macht, J. Pharmacol. and Exp. Therap., 1926, xxix, 461. 
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ing the treatment, and we therefore refrain from coming to a con- 
clusion regarding the possible diminution of phytotoxicity in the 
first period of treatment. Nevertheless, the fact that Macht’ too 
observed some diminution of phytotoxicity of blood after a com- 
paratively short liver treatment (2-4 weeks) deserves attention. 

Thus, liver treatment, in its stereotyped form as applied at pres- 
ent, neither affects the phytotoxicity of blood, nor has any influence 
on achylia (Heath®) and megalocythemia (Etinger and Artinov*). 
These observations strengthen the grounds for denying the causative 
nature of liver treatment. 

Why Upjohn, Isaacs and Gustafson’ did not observe any abrupt 
increase of phytotoxicity of blood in cases of pernicious anemia re- 
mains unsolved. In our cases we (as well as Macht) not only 
found the average phytotoxical index much lower than those auth- 
ors (48 instead of 76.6% of Upjohn and others), but also discov- 
ered that the amplitude of variations of phytotoxic coefficients, ob- 
tained from the same blood, with regard to all the seedlings used in 
the above experiment, had a different interval. In our cases this 
interval varied from 33 to 60%, whereas in the Upjohn, Isaacs and 
Gustafson experiments its amplitude varied from 59 to 94.3%. 

The question of specificity of the above phenomenon must be an- 
swered in the negative, inasmuch as it has also been determined in 
cases of menstruation (Macht and Lubin®), and _ otosclerosis 
(Stern’), some psychoses (Herz and Weichbrodt*) (Looney and 
Macht’), and pemphigus (Macht and Pels’’). 

This phenomenon must be regarded only as a proof of the pres- 
ence in the blood of substances highly toxic for vegetable proto- 
plasm. The nature of these substances can evidently vary and they 
may be differentiated in other ways. This does not impair the use- 
fulness in doubtful cases of the phytotoxic index for differential 
diagnosis, as in all the studied cases of diseases of hemopoietic sys- 
tem (Macht,* Tscherkes and Goldstein”), phytotoxicity does not 
exceed that of normal man. In our observations, the blood of pa- 

2 Macht, J. Am. Med. Assn., 1927, Ixxxix, 753. 

3 Heath, J. Am. Med. Assn., 1928, xci, 928. 

4 Htinger and Artinov, Vratckebnoye Dielo, 1928, ix, 1408. 

5 Upjohn, Isaacs and Gustafson, Arch. Int. Med., 1928, xlii, 909. 

6 Macht and Lubin, J. Pharmacol. and Exp. Therap., 1924, xxii, 413. 

7 Stern, Munch. Med. Woche, 1926, Ixxiii, 101. 

8 Herz and Weichbrodt, Deut. Med. Woche, 1924, 1, 1210. 

® Looney and Macht, J. Biol. Chem., 1925, lxiii, Proe. Ix. 


70 Macht and Pels, Proc. Soc. Exp. Bron. AND MeEp., 1927, xxv, 237. 
11 Tscherkes and Goldstein, Deut. Med. Woche, 1929, lv, 434. 
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tients suffering from cancer did not show higher toxicity than the 
blood of healthy individuals, and in this respect our data could not 
confirm Stern’s observations. 


4565 


Urethane—Rat Preparation for Study of Intestinal Peristalsis. 


DAVID I. MACHT anp PAUL S. HILL, JR. 


From the Pharmacological Research Laboratory, Hynson, Westcott & Dunning, 
Baltimore, Md. 


The following method of studying peristaltic movements of the 
intestines in situ has been found extremely useful by the writers in 
connection with an investigation of certain purgatives and is 
deemed worthy of description for the benefit of other investigators 
because it is simple, efficient and economical. 

A white rat, previously starved for 24 hours, is anesthetized with 
an intraperitoneal injection of urethane. This anesthetic has been 
found by the writers to act with extraordinary rapidity in the rat, 
so that an injection of 1.25 gm. (using a 4% solution) per kilo 
weight of rat produces complete and deep anesthesia within 5 min- 
utes, lasting for 5 or more hours without any appreciable depressant 
effect on the heart or respiration. Doses of 1.5 gm. per kilo produce 
an anesthesia lasting for 24 hours or more, while 1.0 gm. per kilo 
produces an anesthesia of shorter duration. The rat is tied on a 
small dissecting board and immersed in physiological saline solution 
at body temperature, care being taken to keep the head out of the 
water.. A median incision is made through the abdominal wall, 
without producing any bleeding, and the intestines are allowed to 
float on the saline solution. For the study of the intestinal move- 
ments and the passage of food through the gastro-intestinal canal, 
a small quantity of India ink (0.5 of 1.0 cc.) is introduced directly 
into the stomach by injection through a fine catheter passed through 
the mouth and oesophagus into the stomach. The passage of food 
and gastric contents through the intestinal tract of the rat is a very 
rapid one, the whole length of the intestine being traversed ordinar- 
ily in an hour’s time. This passage, or movement, of the intestinal 
contents mixed with the India ink or finely divided carbon particles 
can be plainly followed with the naked eye because the thin intes- 
tinal walls of the rat allow the dark contents to be seen through 
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them. In this way, after the normal movements of the intestinal 
contents have been studied, the effects of various laxative and con- 
stipating substances can be readily investigated. Such drugs are 
mixed with the India ink and introduced into the stomach either 
by the “stomach tube” or by direct injection with a stout hypoder- 
mic needle into the stomach cavity. The action of powerful alka- 
loids, e. g., pilocarpin, physostigmin, atropin, etc., can be exerted by 
injections into the subcutaneous or muscular tissue, while such drugs * 
as act directly on muscle cells, e. g., barium chloride, papaverin, 
benzyl alcohol, etc., may be applied directly to the outer intestinal 
walls. The use of India ink for visualizing the intestinal contents 
in these experiments has been suggested to the authors by the em- 
ployment of India ink in mice by Loewe and Faure in another con- 
nection.* 
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Effect of Liver Extract on Basal Metabolic Rate in Pernicious 
Anemia. 


ADELAIDE BARER anp C. W. BALDRIDGEH. (Introduced by Fred M. Smith, ) 


From the- Department of Internal Medicine, State University of Towa. 


The following observations were made in an effort to determine 
whether or not the basal metabolic rate would be affected by the 
rapid increase in erythrocytes after the administration of liver ex- 
tract. 

We selected 2 female patients with uncomplicated pernicious 
anemia, neither of whom had had liver or liver extract. Each pa- 
tient received 8 cc. of dilute hydrochloric acid daily. They were 
given general hospital diet for 36 days and high caloric general diet 
for 67 days, the total period of observation being 103 days. Liver 
extract was begun after a control period of 8 days. 

The following determinations were made daily for 34 days, once 
during the sixth week and triweekly thereafter. 

1. B.M.R.—Tissot spirometer and Haldane gas analysis. (Aver- 
age of 2 analyses for each reading. ) 

2. Hemoglobin—Newcomer method. 

3. Hematocrit—Van Allen method. 

4. Reticulocyte counts—(1% brilliant cresyl blue, 500 cells be- 
ing counted). 


1 Loewe, S., and Faure, G., Arch. f. Exp. Path. u. Pharm., 1925, evii, 271. 
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Erythrocyte counts were made about 4 times per week by different 
observers. 

One patient received Armour’s liver extract (1% ounces daily), 
the other received Lilly’ s liver extract (3 vials daily). 

The parallelism in the results was striking. The basal metabolic 
rate remained remarkably constant throughout the reticulocyte crises. 
In one patient the B.M.R. was found to be between +13 and 
ela 7o for 2 days at the beginning of the crisis, but all other read- 
ings were between +10% and —10% with no general tendency 
toward an elevation during the crisis. 
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The most marked increase in basal metabolic rate occurred on 
the fortieth day after a lapse of a week during which no estima- 
tions were made. One of the patients was found to have an in- 
creased basal metabolic rate again on the fifty-third day. We see 
no special significance in these occasional increases in metabolic rate. 

A gradual fall in basal metabolism during the latter half of the 
period of observation was coincidental with a gain in weight. The 
calories per hour remained almost constant during this period. 

Neither patient developed polycythemia. 

Measurable serum bilirubin promptly disappeared after liver ex- 
tract was begun. 

The most marked increase in erythrocytes, hemoglobin, and cell 
volume occurred in a period of about 2 weeks after liver extract 
was begun. The erythrocytes increased from about 1 million to 
about 3 million in this period and other measurements increased ac- 


cordingly. 
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Comments. 1. The method used did not reveal any significant 
change in the total body metabolic rate during reticulocyte crises. 
2. The basal metabolic rate was practically unchanged during an 
increase in circulating erythrocytes from about 1,000,000 to about 
4,000,000 per cu. mm. 
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Experimental Hypochloremia. 


GEORGE M. CURTIS ann G. A. PACHEOO. 


From the Department of Surgery, University of Chicago. 


Hypochloremia is associated with a number of morbid condi- 
tions occurring spontaneously or produced experimentally. We 
have produced it by perfusing distilled water or other chloride free 
fluids through the peritoneal cavity of rabbits. Dialysis readily oc- 
curs through the peritoneal membrane.” ** When distilled water 
is injected intraperitoneally in rabbits a high percent of chlorides is 
rapidly deviated from the blood stream and the blood chloride falls.* 

In 8 experiments distilled water at body temperature was per- 
fused through the peritoneal cavity at the rate of 500 cc. per hour. 
Within an hour the respiratory rate increases and localized fibrillary 
twitchings appear. These become more generalized, and are fol- 
lowed by clonic and tonic convulsons of increasing severity. Spas- 
modic contractions of the diaphragm occur, and the animals die 
after 2 to 5 hours of perfusion. The blood chloride gradually falls, 
and a marked hypochloremia, as low as 118 mg. per 100 cc., results. 
The CO, combining power of the plasma falls. There is a moderate 
rise in the N. P. N., anda slight elevation of the urea. The secretion 
of urine soon diminishes and finally completely ceases. Hypogly- 
cemia does not occur during the development of the symptoms and 
lethal effect. The addition of 0.12% glucose to the perfusion water 
in 7 other experiments had no notably beneficial influence. 

The perfusion of Ringer’s solution with glucose by the same 
methods resulted in no muscular twitchings or convulsions. These 
animals were alive and in good condition when the experiments were 


1 Curtis, G. M., Biochem. Z., 1925, elxiii, 109. 

2 Heusser, H., and Werder, H., Beit. z. Klin. Chir., 1927, exli, 38. 

3 Engel, D., and Kerekes, A., Zeit. f. d. ges. Exp. Med., 1927, lv, 574. 
4 Curtis, G. M., Biochem. Z., 1927, elxxxvi, 95. 
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terminated at the end of 8 or 9 hours. The blood chloride was 
slightly elevated. There was a continuous secretion of urine, or 
even a diuresis. 

When 0.9% pure sodium chloride, with or without glucose, was 
perfused, the animals were without symptoms and were readily kept 
alive for from 8 to 10 hours. During all experiments there was a 
continuous secretion of urine, even to a moderate diuresis. The 
blood chlorides were elevated, averaging 546 mg. per 100 cc. There 
was but little change in the CO, combining power of the plasma, 
and a slight decrease in the N.P.N. and urea. In one experiment 
the serum calcium fell to 2.9 mg. per 100 cc., with no change in the 
combining power of the plasma for CO.. This animal showed no 
muscular twitchings or convulsions and was quiet during the latter 
part of the perfusion. 

The perfusion of 4.2% glucose results in increased respirations, 
muscular twitchings and tremors, convulsions and eventually death 
in from 2% to 7 hours. The terminal blood is hypochloremic, 136 
mg. per 100 cc. There is an enormous rise in the blood sugar. Per- 
fusion of 0.45% sodium chloride and 2.1% glucose had no such 
lethal effect and the animal was alive when the experiment was ter- 
minated at the end of 9% hours. There was a slight rise in the 
blood chloride and an enormous increase in the sugar. Another 
animal was alive when the perfusion of an hypertonic solution, 0.9% 
sodium chloride and 2.1% glucose, was terminated at the end of 
8 hours. 

The perfusion of Ringer’s solution with glucose, but without 
sodium chloride, resulted in increased respirations, muscular twitch- 
ings and convulsions, and the 2 animals died in 5 and 6 hours re- 
spectively. Hypochloremia developed, 181 mg. per 100 cc. The 
secretion of the urine diminished and then ceased. 

These experiments led to the hypothesis that the loss of sodium 
chloride was an important factor in the development of the char- 
acteristic symptoms and the ordinarily fatal outcome following the 
perfusion of distilled water through the peritoneal cavity. The 
hypothesis was tested experimentally by supplying an adequate 
amount of sodium chloride to the blood stream throughout the per- 
fusion with distilled water. This was accomplished by the timed 
intravenous injection of 2.5% pure sodium chloride by means of the 
Woodyatt pump. By this method it was possible to keep one animal 
alive 1714 hours, more than 5 times as long as after perfusion alone. 
Occasional mild muscular fibrillation occurred, but no severe tre- 
mors or no convulsions. A marked diuresis was observed. There 
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was a slight fall in the whole blood chloride, however no hypochlor- 
emia as in the water experiments. The plasma chloride was high. 
There was no tetany although the blood calcium fell to 3.8 mg. per 
100 cc. 

When the combined intravenous infusion and transperitoneal per- 
fusion was similarly maintained for 12 hours no symptoms devel- 
oped. At the end of that time the intravenous injection of sodium 
chloride was stopped, but the perfusion of distilled water with glu- 
cose continued. Muscular twitchings then developed, became more 
severe and finally convulsions occurred and death followed after 5 
hours of perfusion alone. In another experiment the simultaneous 
intravenous administration of Ringer’s solution without the sodium 
chloride did not prevent the development of symptoms nor the lethal 
effect, and this animal died 5% hours after the perfusion began. 

These experiments represent a study of certain effects of peri- 
toneal dialysis. It is difficult properly to evaluate, with the data at 
hand, the complex physico-chemical changes which result in the 
blood and tissues of the dialyzed animals. However, the experi- 
ments demonstrate the importance of sodium chloride to life and a 
state of well being. 


4568 
Phagocytosis of Red Blood-Cells Treated by Tannin. 


JULES FREUND. 
From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 


Northrop and Freund’ found that red blood-cells of sheep sus- 
pended in dextrose solution are agglutinated by electrolysis when- 
ever the potential is depressed to 6 millivolts or less, except in the 
case of Mg Cl, and Ca Cl.. When, however, cells are sensitized by 
specific antibody, ricin,” collodial stannic hydroxide,* an emulsion of 
paraffin oil," they are agglutinated below about 12 millivolts, that is, 
at a potential higher than the critical potential for agglutination of 
unsensitized cells. This observation constitutes evidence that from 
the physical-chemical point of view specific antibody mediates agglu- 
tination by the same mechanism as ricin, collodial stannic hydroxide 
solution, and paraffin oil. 


1 Northrop, J. H., and Freund, J., J. Gen. Physiol., 1924, vi, 603. 
? Stillmark, H., Arb. pharmacol. Inst. zw Dorpat, 1889, iii, 59. 
3 Landsteiner, K., and Jagic, N., Wien. Klin. Woch., 1904, xvii, 63. 
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Recently Reiner and Fischer* have been able to show that another 
substance, tannin (carefully neutralized), causes agglutination of 
ted blood-cells of sheep, ox, and guinea pig and that red blood-cells 
treated with tannin become hemolyzed in the presence of guinea pig 
complement. 

Repeating and extending Reiner’s and Fischer’s work I have 
found that erythrocytes of sheep exposed to 0.4 and 0.1 pro mille 
tannin solution, after they have been washed by centrifugalisation, 
are hemolyzed by the addition of guinea pig complement. If the 
mechanism of the action of tannin upon erythrocytes is similar to the 
action of immune serum, in which the electrical charge of the cells 
plays a role, agglutination and hemolysis should not occur when the 
suspending medium is free from electrolytes. When the experiment 
was repeated using isotonic dextrose instead of saline solution, 
neither agglutination nor lysis occurred. When tannin was added 
to red blood cells suspended in salt solution, the cells became agglu- 
tinated, but when the tubes were centrifugalized and the supernatant 
fluid replaced with dextrose solution, the cells could be suspended 
evenly and the addition of complement failed to cause lysis. 

It was further observed that when from 0.4 to 0.1 pro mille tan- 
nin is added to red blood-cells suspended in either salt or dextrose 
solution a large number of the cells lose their original disc shape and 
become more or less angular. A similar change in shape takes place 
to a less extent when specific serum is added to red blood-cells. The 
final concentration of immune serum that caused such change ranged 
from 1:5 to 1:80. 

Since immune serums prepare red cells for phagocytosis as well 
as for agglutination and lysis by complement, the question arises 
whether tannin prepares them for phagocytosis also. To test this 
possibility the following experiment was made. To 1 cc. of care- 
fully neutralized tannin salt solution was added 0.2 cc. of a 1% sus- 
pension of washed erythrocytes of sheep. The mixture was kept at 
room temperature for 15 minutes and washed twice by centrifugal- 
ization. The red blood-cells were resuspended in 0.2 cc. of salt 
solution and mixed with 3 drops of a dense suspension of washed 
leucocytes of rabbit. 

Both in the hanging drops and in the fixed preparations made from 
tubes containing red blood-cells treated with tannin and suspended in 
salt solution one could observe the following. A great number of 
red blood-cells were in clumps, some of which had surrounded leu- 
cocytes. Red cells were attached to many (often 60%) of the 


4 Reiner, L., and Fischer, O., Z. f. Immunitatsf., 1929, lxi, 317. 
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white cells, but only very exceptionally were they actually found 
within them. In preparations made from tubes containing red 
blood-cells treated with tannin and suspended in dextrose solution, 
or red blood-cells not treated with tannin and suspended in saline 
solution, neither agglutination nor attachment of red blood-cells to 
more than a very few leucocytes was found. Furthermore, in hang- 
ing drops from these tubes we could observe that moving red blood- 
cells would come into contact with leucocytes, slide on their periph- 
ery and then move away. 

On completing this work I was of the opinion that the attachment 
of the red blood-cells to the leucocytes marked the beginning of 
phagocytosis, and that phagocytosis could be studied in the action of 
tannin upon erythrocytes. After the above paragraphs were written, 
a paper by Reiner and Kopp* appeared describing similar experi- 
ments (with guinea pig leucocytes) and arriving at similar conclu- 
sions, which they carried a step further. By using a longer period 
of incubation they observed complete phagocytosis of practically all 
the red blood-cells. This observation I have since confirmed. 
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Correlation of Ultra-Violet Absorption to the Development 
of Immunity. 


FREDERIC W. SCHLUTZ anp WILFRED W. WETZEL. 


From the Institute of Child Welfare, the Department of Pediatrics, and the 
Department of Bio-Physics of the University of Minnesota. 


It has been observed that the absorption spectrum for blood serum 
in the ultra-violet has a characteristic absorption band at 2800 A. 
Judd Lewis* was the first to observe variations from the normal in 
the absorption curve of various pathological sera. In a second pub- 
lication Lewis’ shows that the protein content of serum is the ab- 
sorbing constituent and gives curves for the absorption of the 3 
protein fractions, pscudoglobulin, euglobulin, and albumin. Sten- 
strom and Reinhard*® showed that a synthesis of the amino acids in 
the proportion in which they occur in blood serum gave a similar 


° Reiner, L., and Kopp, H., Z. f. Immunitatsf., 1929, 1xi, 397. 

1 Lewis, 8. Judd, Proc. Royal Soc. London, 1915, Ixxxix, 327. 

2 Lewis, 8. Judd, Proc. Royal Soc. London, 1922, xciii, 178. 

3 Stenstrom, W., and Reinhard, M. C., J. Biol. Chem., 1925, Ixvi, 819. 
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absorption curve to that of serum. They attribute the band chiefly 
to the effect of the tyrosine and tryptophane content of the serum. 
Studies have already been made of the protein content of pathologi- 
cal sera and the relation of globulin to albumin. Wells,* and Hur- 
witz and Meyer’ found a variation of the globulin albumin ratio 
during the course of artificially stimulated immunity. They found 
that a temporary decrease of albumin with an increase of globulin 
took place during the development of immunity. Other investigators 
noted similar changes. The investigation of Lewis, Stenstrom, and 
others would seem to indicate that the ultra-violet spectroscope has 
the possibility of becoming a good instrument for determining 
whether immunity has or has not been acquired against certain in-’ 
fectious diseases. 

We propose a study of the absorption spectra of the blood serum 
in various contagious diseases common to childhood, covering the 
phases of normality, incubation period, height of the exanthem, 
period of convalescence and expected return to normal. By the 
correlation of data from a large number of cases, we hope to find 
some constant factor characteristic of immunity development. 

Our investigations were carried out with a Hilger Type E-3 spec- 
trograph and a Judd Lewis sector-photometer using an underwater 
tungsten spark. 

So far we have collected data on 6 diphtheria immunization pro- 
cedures with toxin antitoxin, the curve of the normal blood serum 
taken before immunization serving as control; 8 scarlet fever cases 
and 12 measles cases in various stages of the disease. In some cases 
it was possible to obtain the normal serum before onset of the disease 
to serve as a control. In most of the cases this was not possible. 
We do not feel that definite conclusions can be drawn from the 
data so far obtained, but a number of interesting changes have been 
observed. 

A shift in wavelength of the absorption head and foot occurs 
which may prove to be of significance. 

A somewhat constant increase of total proteins during the period 
in which immunity presumably develops, and the beginnings of a re- 
turn to the normal after that period have been found. 

In some of the cases, there is an indication of globulin albumin 
ratio increase. 

From more spectrographic data, together with quantitative an- 
alysis, and fractionation of the sera, we can hope to show some con- 


4 Wells, H. G., J. Immunol., 1924, ix, 291. 
5 Hurwitz, S. H., and Meyer, K. F., J. Exp. Med., 1916, xxiv, 515. 
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sistent change in the proteins during the course of various diseases. 

We hope to correlate the spectrographic measurements of total 
protein changes and relative ratio changes of the protein fractions 
with the development of immune reactions in the course of disease. 


4570 


Decreased Resistance of Purified Bacteriophages to Disinfectants. 


PAUL J. BEARD. (Introduced by E. W. Schultz.) 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


The surprising resistance of the bacteriophage to action of dis- 
infectants has been commented upon by many observers. Thus 
d’Herelle’ states that bacteriophage corpuscles survive 3 days’ ex- 
posure to 0.5% mercuric chloride in physiological saline. Praus- 
nitz and Firle’ claim that resistance is above that of anthrax spores. 
Watanabe’ noted well defined racial variations in the resistance of 
phages to phenol, 1% for 24 hours being sufficient to destroy some 
races, while 4% was necessary to inactivate others. 

In order to determine whether the organic matter in the lysates 
exerts any protective action, 3 races of bacteriophage were purified 
according to the technique of Arnold and Weiss.* These purified 
‘phages gave negative Biuret, Xanthoproteic acid, Millon, Hopkins, 
Cole and Molisch tests. Non-purified ‘phages were adjusted to the 
same lytic titer and the lysol resistance of both the purified and non- 
purified suspensions was compared. Tests of each ‘phage were 
made in triplicate at various lysol concentrations. The results of 
these tests are summarized in the following protocol. 

As is seen, the resistance of the ’phage to lysol was in every case 
markedly decreased. That the lysol solutions did not decrease 
greatly in activity is evidenced by the fact that after the 24 hour 
period a 3% concentration killed B. subtilis spores in 24 hours. 

A decided decrease in the resistance to mercuric chloride was also 
noted, although accurate quantitative determinations have thus far 
not yet been made. 


1d’Herelle, F., ‘“The Bacteriophage and Its Behavior.’’ 

? Prausnitz, C., and Frile, E., Centralbl. f. Bakt., Orig., 1924, xciii, 148. 
3 Watanabe, T., Arch. f. Hyg., 1923, xcii, 1. 

4 Arnold, L., and Weiss, E., J. Infect. Dis., 1925, xxxvii, 411. 
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TABLE I. 
Comparison of Purified and Non-purified ’Phages to Lysol. 


Lysin on subculture after 24 hours exposure, 


Permanent inactivation. 


a 


It was further noted that these purified ‘phage suspensions de- 
teriorated rapidly at room temperature. Similar observations have 
been reported on enzymes stored in the absence of their substrates. 
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Ovarian Hormone Content of Pregnant Cow’s Urine. 


Cc. W. NIBLER anp C. W. TURNER. (Introduced by Edgar Allen.) 


From the Department of Dairy Husbandry, University of Missouri, Columbia, Mo. 


The oestrous producing hormone has long been believed to be one 
of the chief causes of the development of the mammary glands dur- 
ing pregnancy. However, it was not until Fels* discovered the pres- 
ence of the hormone in the blood during pregnancy, and further, that 
it was being excreted in large quantities in the urine during late 
pregnancy (Veler and Doisy*) was the fact established that the 
hormone is actually present in the blood and is being excreted in the 
urine. Recently Hisaw and Meyers® reported the presence of the 
hormone in the urine of a limited number of pregnant cows. 

These fundamental observations are of great importance in the 
study of the causes of the development of the mammary gland. 
First, it is important to correlate the changes in the developing gland 
with the concentration of the hormone during various stages of 
pregnancy; and second, to determine the relation between the varia- 
tion in the concentration of the hormone and the variation in the size 
of the gland and subsequent milk secretion. The purpose of the 
present communication is to present the results of a preliminary 
study having the above objectives. 

The urine from 34 cows in various stages of gestation has been 
analyzed for its hormone content, using the Allen and Doisy* rat 
unit test. Doisy (unpublished work) has found that the hormone 
is absorbed by oil when mixed with urine in which it is present. In 
this series of tests, the oil was cleared in a centrifuge and injected. 
While this method of extraction may be considered only approx- 
imately quantitative, a rigid uniformity of procedure makes the 
results of comparative value. 

The results are shown in Fig. 1. It will be noted that during the 
first one hundred days of pregnancy the daily excretion of the hor- 
mone is slight, averaging about 50 rat units. Following this period 
the average daily excretion begins to increase. This increase is at 

1 Fels, E., Klin. Woch., 1926, v, 2349. 


2 Veler, C. D., and Doisy, E. A., Proc. Soc. Exp. Brion. AND Mxp., 1928, xxv, 
806. 


8 Hisaw, F. L., and Meyer, R. K., Proc. Soc. Exp. Bron. AND Mep., 1929, xxvi, 
586. 


4 Allen, E., and Doisy, E. A., J. Am. Med. Assn., 1923, Ixxxi, 819. 
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the rate of approximately 3.5 to 4 rat units per day until parturition. 
However, there was found considerable variation in the daily excre- 
tion of individual animals. This variation was found to be corre- 


lated to some extent with the previous yearly milk and butterfat pro- 
duction. 


Daily Excretion of Hormone 


pars. 0 20 40 GC 8 100 120 40 0 180 200 220 uO 260 280 30 


Stage of Gestation 
Fig. 1. 


The variation in the average daily excretion of the ovarian hormone as extracted 
from cow’s urine in different stages of gestation. 
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If the excretion of the hormone in the urine is a measure of its 
effective concentration in the blood during pregnancy, these observa- 
tions may account for the rapid growth of the mammary gland dur- 
ing the latter stages of primigravida animals and also the variation 
in their subsequent milk and butterfat production. 


5 Loewe, 8., Klin. Woch., 1926, v, 576. 
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that arise from lack of information or misinformation as to the business or 
policies of the Society. 

Your attention is particularly called to the 

1. Financial Report. 
2. Reduction in Dues. 


FINANCIAL REPORT 


There was a surplus for the year of $2,518.63. It will be recalled that last 
year there was also a surplus of $2,641.28. 
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eee ave ite BM ees i es ee St. Louis University 
Flexner, RSDUON Oe ace pneee cee eece er eer ee ee eee oat Rockefeller He ee a Y. oe 
i ; HOS TES corner cithenaconectcoenrenesacpee meer eB occ See eoeco cose ennneeae Jolumbia University 
ee nen ape e eee eee ERE New York Homeopathic Medical School 
Forbes, Alexandet......-.--------------ssscsesecscceesesecteseteestesenececeececenancnnenss Harvard University 
Forbes, Henry ....-.-..-----:-cscscececesecscnssscensnesessesesesescsenecsccesenneceacnsencnccnnsssaresssses Milton, Mass. 
Forkner, Claude E : Rockefeller Institute 
Fortuyn, A. B. Du-.---.------s----eeeeeeeeneee Peking Union Medical College 
OCU Oc 0 wera Ut oe ee a ee perene Columbia University 
THRaat INCITS PEA NE, 6 lps ere Sa Sand New York Hospital, N. Y. City 
Frank, TROD Site poses ae tase gnce asec e tenon ene eee cn cece a descnacssananaeennc-Aaeeaneesnsc=n a Mt. Sinai Hospital 


Pred, Bh. Boitiseent..-nssecncecnsesescsacenensnseennensensnenenenannnacetenenenscntacannannenes 
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Bree dian) TsO Wis oe ec oe cc es ce oe Metz Laboratory 
round, ¢ Jules sae sets 2 A esiet nee ceeee Henry Phipps Institute, Philadelphia 
Hridericia, WU GS sae seo. Se ee Lies University of Copenhagen, Denmark 
Mrobisher, Wlartiniyed tes 2 2 SPs cee: este ans Aes crete een toe eee Rockefeller Institute 
RNY, SD OTA Vie Soh oss tas co et oR oe edo eee New York University 
ae TS TMS SU Sc doe occ ose oe cece Iowa State College 
B Oyo aly cy oy C0) es) ee Spe meer eR PMaPSy BE nea EROS 5 eee PE ne ee ere Oxford, England 
dann kobe Ca si ryi lr Sees eter, 028 5 one nt eae eee oe eee Brussels, Belgium 
MB AT ETM) COD seh oa <-- ones cee ctbennoreees eo -ceeeseaec pete tee Henry Phipps Institute, Philadelphia 
CNG) OY KV oes on baer serene eee peed he err en een see acre Henry Ford Hospital, Detroit 
Gagert@r Stuartas =)... .a eee Brooklyn Botanic Garden, Brooklyn, N. Y. 
GahlPoR Wd olip Weise sot Bee Psa nae aoe ane ee oa nae ee University of California 
Gamibles=J am esa xe te ts eae ee eee ose snr Harvard University 
Garbattae Abr ah amy ce yoo teen aea ac as reer ee ece meee eee Lenox Hill Hospital, N. Y. City 
Gamdm er plier Oval cet cere ee aie ee cece ee Saranac Lab. for Study of Tuberculosis 
(Gakrey ee Wiel bOre His see. io 25 2oo se cantk eae ent eee oe Vanderbilt University 
Garakell Sy Sol Bi hiseie 2a 8S oa a SB ew cec pata acctee nae eee Cambridge, England 
Gasser, Her bentti, i: sare oe Se AE eee cee ns oe encase eater Washington University 
Gates. Bed erie Lies. sicc eee ees Bee sche cote cece Rockefeller Institute 
Gay 2 TOI ee aoe A ac a entanaew ReowcsdB e c nc ah = ene Pace we bee Columbia University 
(Gee tlinn G yeakis MS Ret 5 ooo Ste sores ee np chat enue eee Johns Hopkins Medical School 
(Gerard FSW cseesctscen Sues a). LER 2. Cod. oe Sv aatiaae eer eae meee University of Chicago 
Gesell, aRobert2A Ss. tk ets ik, Sac ee ee University of Michigan 
Get Glen aA O Weer Se, Reece is eee University and Bellevue Medical College 
Geyelims Eenrys Rs. 8 ee fea sce, 3 Pw ees ee ee Columbia University 
GUD SOD ER a cE cast occ uc cpucs Saute oiotec even Sete Wes eee University of lowa 
(GORA WY TITAN PORE SER rece nose wccwet cantata dasetaeasoseaseetees sous sno eteeeeeeEne Columbia University 
LG UH 625 sg Nets ieee Seo eae eas ne Serre een ee Mulford Company, Philadelphia, Pa. 
Givens, MMs Ur iC e mid wees eee ete ee, Ce ee ene ee Northwestern Yeast Co., Chicago 
Glaser ObtO SF kone ceccecvc ce ceacencnnccn-t-Choes setestsa se ienee et ne Amherst College 
AOU Electr tay seers oae ek ces ee eee ee eee ees ..Cornell University Medical College 
Gold ners iS as Ale ee e eae ak ccs ce sac cs cen scbs cases ate actacteentontvsc aeteu eee Bronx Hospital, N. Y. 
Goldblatt iar wyes toon ee ae 5 ee tee ee Western Reserve University 
Goldibloom -AveA lems eeraeh tee eet eee eee cee ee Beth Israel Hospital, N. Y. City 
(GOLA TOTS AS ee ee Boones psce ne eaters eee tee College of the City of New York 
Goldschmidt MiSamulel’. 2 sees ccc. ee eee University of Pennsylvania 
Gorter.) Be VAC Se ean wcsdees esc eaeee. eee ae ate ee ee University of Minnesota 
Gould Earley IN <2 so. c: each ncct na cacons couse ree cae coe ence cee eee ee Tulane University 
GRE OE sles MON ic utc) wa Wimmer pnee eaten ee cene Ree a ma, eS eerce as Gad ee Washington University 
Graves sc WALT AMIE W oauc. odode seca cencenes occ Skanes eee ceee gee uceacose ohana oeae eee St. Louis University 
Greeny ROD ET EG. eos saccescasek ace sade e sage stens ote wea use asec eee University of Minnesota 
Greenberg wD avi dei. cecc5 cece eco nance ee ee ee University of California 
Greenies? Carl etc. 5 bec hee ncn ce deco sate cnc xe eae Ce ee Mayo Clinic 
Grreemiwalld solisvom eee 2 Broan once orceee ck cone een cence Littauer Laboratory, N. Y. City 
£3205) a HC ots en Ne Ee ee area eR ee eee University of Chicago 
(GROOM yam LIOUIS Cy Ell eee eee eres Seah ee Barnard College, Columbia University 
Greisheimer, sMisther IM). 225 os, eee cc aces ee eee eee ee University of Minnesota 
Girth CE CGE Re Ua sons accep eens nea ce eS University of Buffalo 
Grifith,; Wendell ELS 25.555 5s ees cate Secon ten See eee meee St. Louis University 
GYOBB, «Rr win Grice on actces ota gceute ccetcke ne ceoucdcsacsukaet est eeeen ceca ceeeene uas Saat ene Yale University 
GROSSITELIO UT Saree etc oe OR tes ee ee nee ee Mt. Sinai Hospital, N. Y. City 
Gruber} Charles = Mi... 0 Somer e 805 ces cnccececcan ssseance eee eee Washington University 
Graber et, Jie) Bris cic. cs ccctsnscs cans avese teat eau 8g ee keoe ce eee tee University of Washington 
Gren there eA te aes ee Be ak En cee ee ce eee University of Nebraska 
Gurcliot, (Charl ese s: yen tanner, Pees eee Stanford University Medical School 
Guthrie; \C.M Cire. <2 ses seen eee cece att ve -cce eecer cect eee eee University of Pittsburgh 
Grurys Rtas are ee sre eee New York City 
Guyer, NE Chae) Bh eee ear ato ven cece ee a University of Wisconsin 
Hedley, H Ed coil ly sere rs ee ee ein Se tc RU Nee ee at University of Michigan 
Hafkesbringy rit. s EOD Or baltwo cose see reereee eee eee Tulane University 


Hagan, “Walser A rit irc s sce etc escenes ess nee ee ene eee ee Cornell University 
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SUES SMSO clare, Saco ane ee ea i ee a Harvard Medical School 
REILBM OST Cy cabs a Lice tan See? ene Se ee a SL University of Colorado 
USC VARAID Vi, 6 i Cea iii, oe ROME Rm GM ete A Tulane University 
Halsevamhobenuseies sees eee ee a N. Y. Post-Graduate Medical School 
aI DUROER EW WV Merrett ees Oe” eg a as Rush Medical College 
(Elem Tomas autres. Cy See | ee Al te Wines eS ee Baltimore, Md. 
MELT CONMIES SP CRaL SS - Sree Bianca name Oe ORDER Pt Sens Oy Iowa State College 
Udon ies Viaebiaig By eeaear ot 5 1 ie byte aly.) UR ner a University of Chicago 
ia nnonahysehvaee ea tee Ue Ae Es ak eee RN Ale Rockefeller Institute 
I BEVIS) (ATE Ci) a he ee 7 ee pe ag een are BAe eee State University of Iowa 
AIO W TS vel TDN lig, 1B Beet le ett ed pare eae a ae on cee ee eras Washington University 
JelemVAbD 9 HEM “Cc = tee a ce es Sts ey eta ony Stanford University Medical School 
EV curd Gs try AaMiravin otis stew. vcore ee Se et), nee ee See aa Tulane University 
ars Pe LSAACREY ee, ORO So EES en hes ye Tuckahoe, N. Y. 
LATE Stel eA b Ua ete eet, ee ee ee ee) ee University of Minnesota 
MEL eUETIS meV UTI | Cig (Gy cooe eet ers ee ee ey eS Cold Bere re N. = 
arnissawWitlianisitls. see. shoes cece ets Ure ae eee ues eNOS ulane University 
Harrison, EER oh yet rete tecnc  ec etal ee eee on Ue, USN Nene) Bd A Se Yale University 
AIT OF) CV COL ZO PAGN TI's: tact teee tat Secee ene eee eres Johns Hopkins University 
EL ORTO Warts @mr| ail a eae see eerste Soke Cease College of the City of New York 
dB AETGt ARTES ALOIS BN seh cee co aR ge ets ee ge Te ence Rito ae ..--University of Buffalo 
arb we Lge) ONTNWA ste stares hoe en sew ges Cae Cornell University Medical College 
TEL OUViGV A gPL REN © WL O Denes oes foes ee ee oe Ue Oe Ae eee bee as A 
DSU e yg KSLA ERVIN OES eB teste chee erate NMRA et ee net Pelee ee re Sec ale University 
Heaney DNs TABS TMI ICG IS Sees eg oP ee Be ee ee AR rte eee Rc aoa University of Chicago 
PMS HATA O18 pei Giessen cere conc ae eee acdc nndetgs Snhcpestoceactaesctgeas essere University of Wisconsin 
Ji Ben 0) aYey ee Va ay oe ence ee eet See eer try rr ete eat ae Pee Cornell aplonee: byron colees 
HEEL eat Welwyn eps CVA T CNS Speen co ect ne fo Bho, Saas tcacke ee wcceetca cain wea eee ulane University 
DRAW icy eras eerie ok A esate ates FE ee a aE ee Ie Sn New York City 
Hayden, GUO AG TELN es ee ere al rena ta En ae sree brsthegSranpieeeeaa in Cornell University 
TELAT OO IBA, TPN nMU Ke) b Antoe meee weerrcrer. ceerere s ecopeee ae Singer Research ee ead cue 
Pat be elie, ieee eee Foe es Ae acess se Res eee eee PO eee olumbia iversi 
oe. IM EOIEG NE Lk See sete ce scoeetee cac eesra reo Presbyterian Hospital, New York City 
ite rama ras Dice V. eccce ch escate es cee tRtacenneacs sneeze = cec carta senchecnve ey cnceceeencess University of Michigan 
LBIGINGE, Obs DNS sy ences nee eee en Sena so cee SCR EEE S Uae eae ec ERE sNeae: State bahay of Fate 
TB Feedba Woy Wz7e) Te IGN Ad igs 08 oe eerie eee Bec eeeoes ce een ec ooeeeece fayo Clinic 
TBICTEURAEL Os AONE (OSS Sec Nerena res Senc aceemecae co 1 Ge a eos OS ace BIE Baltimore, Md. 
TBWeSDOIN,, IPMN Oh Sheet ets neoee seers charters tao Ree ee Ice coe Rear EBS ore Mayo Clinie 
Teles btiore, JES WM ooo eee pte cece ec ae care Ecce rcp easement .-University of Texas 
Henrici NESS CP Tod te RN Mean eee BA EM, University of Minnesota 
Herrman (Cin ihe cceceot cane 8 aac cner ker Some orree er ere oeace chee pCMeE sce ct och ce arereaensmee Aeon Tulane University 
Hertzman TN DEY ate eee eens BB Ser - oe eae eet ScD Se eee! St. Louis University 
PE sa AMC redo Wei. ceisecichco-ccae-ceesonectoe N. Y. University and Bellevue Medical School 
Heymans, Die TEN o one cc on sce nencecceeecestencetencsaashenonncsonsnenmevasranneencenannensnnnnae U. de ae Fee 
Ver UTA SG} COL DO Veen sesees ches econ cnne=te=sennaun=aneconeensaeansaseansennanecesaseas-nnseeacn~ se naeosnertha ayo Clini 
Fu eae ee Tone vobine Uataeatey 
Hill Samuel E Lae Ra FIT AEN SS ROMs LT Rockefeller Institute 
Hiller Friedrich OF Ae OU OA ay ee Fe aie RET A At eiael Pe eee 
St PET LTS 5 copBdn te (et eae ised ee geen kL ee eaaes Yale University 
Sine Ses a lara ua ie Pen State University of Iowa 
Himes, FL. Moen. 2a-n---n2c-n2nsctceceeneecneenncacnehenenenscenensestccnerencsenerecscsase aie Chi 
inri HQ MACON GSI ee ree een en ee reer yo icago 
Banziche; eae Seat Tah gaat nla mate American University of Beirut, Syria 
ee NEE PRS as ees University of Minnesota 
F he AR TEIN Cat GIP SRI se aS University of Wisconsin 
ate . ee Ree ee CO oe Ohio Sisto University 
aes G a e To eee! Be eee: Allegheny County Hospital, Pittsburgh, Pa. 
eae = ee wee Department of Agriculture, belaes S2 D. . 
ONE ne FIs FG R LT ace! AR. AM. Was a, Si annaae Stanfor niversity 
esa ae el lace ee ae University of Toronto 
ae ek ee eS eee University of California 
eee ee yeh Got ma Une ay 
eee ge ee rt ee University of Pittsburgh 
UN TE SL ch a pee Ak Coe Te IO Ageiotn Wniversity 
ee yo e i UEC r re ei ae Metz Laboratories 
ooper, Charles W......-.------------- peas opeacarcanasceceenCEcnoan 
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DElopkinsy cdr Grae Qi ere aac soca cee ce sonore a tea see ereeeeeeneees Columbia University 
Horsley.,< Jive lit 0mm ees sass wceee anne eeseaenee St. Elizabeth’s Hospital, Richmond, Va. 
LO Sims Rs! G oe wc c cessed ae ees eel ne cna sae ame ere Harvard Medical School 
Howards, ary ey, clics. cca 5 coe eee eco etapa ea ee Washington University 
(Owes brevis eee 2 ee Department of Agriculture, Washington, D. C. 
TENG wy Gl Aas 2 2 thc eee ae ae Michael Reese Hospital 
TEicoswvel ej Weill ea ran oso ace eee rene eee Johns Hopkins University 
TEM weil ein hy Rua Bs oo cow seca n ee aca esas ce ae cen ane eee New York University 
inbbardIROgers S260. sen ee ee ee Clifton Springs Sanitarium, N. Y. 
hulp eres Gra | Care eases cat soo sw nas see vance ano University of Michigan 
TEM ta ©3515 SpE 8 RR Soe ewe ane nee ee University of Oregon 
Hhnty Reid is: -2 Seo th es ee a an os eee ee Harvard University 
GB Roath ale 1X6 Heo) a eR ORE RN ered anemones ere oe te University of Toronto 
Be WoW reayoy (Vo. 8 Oe Ua Foe em mane ae tao p nese CAE er oe eeeoececrer oe Mulford Co., Glenolden, Pa. 
Dawi zg arnt el cee ences a rence ees ae University of California 
Hussey, "Raymond 2d be sgo ee Bea coe a eee eee oe Yale University 
[Ts, Tse WE CMC C2 os: 228 cack see ae sects oen tne gn coe ene eee University of Toronto 
Mba writs «| Mienrl O12) eed ote eee ee cee ee Rockefeller Institute 
Isaacs, Raphael JsstralcopenesteU Puaabanensma-nces teeta? Simpson Memorial Institute, Ann Arbor 
Mviys Am Oi 0 Wiis c8k oases ap nace cane nantes neon Northwestern University 
ACKS Ot, | Cy AM Neo ke nas cesteeeee civsnas sesso ccdes cease saeoehve<teseeres University of Minnesota 
PACKS OND. Wi css: oy cks ota sachsen gates Daas neretie ate a eee ere University of Cincinnati 
Jaekson, Pen ry pte Ye saot csc-ewceew nee nee ee eee Boston City Hospital 
mACOWS), Mit hic Pees gaa aa snc ease sstae nas acel eee University of Pennsylvania 
iacobs,, Walter: Asis cetsc2. ee teese eh tees, ee Rockefeller Institute, N. Y. City 
ACO USEn Wall ber Cie xe eee a8 oot ce ee cee ee ree Albany Medical College 
Satbespelen ry eb jecs ie Bae eee oe ee eget Hospital for Joint Diseases, N. Y. City 
Pathos icbiay OE acoso soc cece cc wncsctaens Sa nneetSnveseaayasnt eeenenseee Smee University of Illinois 
Jeans) PIU, Cock ee oe Se ae ao a wre eect eee ee oe University of Iowa 
ONIN OS 5 ELMS sok Boao es eee cats nares eae ee ee Johns Hopkins University 
ION, weDias. Ws teccnit ea seta acca van, eesces coiatn. cae. ae saa ee hae eee Columbia University 
Sous eM OS Cer Meese a. cose b este aa scans eae sens cre ee Tulane University 
AIO SOS NG MC U5 re one rer sce rece eae ere cr oops eee nos eeckte University of Chicago 
CUCU TINS{OS sgl Ue eee PREP ce eee eee Ser a ee SP Ge Ror er nce Yale University 
SOMAS jy MC OM ee sexes soca ee Sane satcen sa ass scccets cnet aed caw cenee cone eoee nee University of Pennsylvania 
DOMES, MHC Ovi C Kea S 5a e.cerase secs se eseeaeee ease eee a Rockefeller Institute, Princeton, N. J. 
SiO Manny Bd WAM Seek a ets a oa eee i University of Chicago 
AOI NING i Ue 1 OE ne een er orn eter ee rer eae tho Pree eco University of Virginia 
ANOIESEANOS, MCE 8 lees ccmaseeerece Barnard Free Skin and Cancer Hospital, St. Louis, Mo. 
OS UTINS Pee eek hc ces cas Beene eae Scale ose cent ec eee Boston, Mass. 
Sungeblut; Claus. 22-5 )ieec Bee neces. ees nee eae eS Stanford University 
PATS IO oh tpl e Uae ek eater errer crac peeceece reece ae eee Beth Israel Hospital, N. Y. City 
Reims me NEO TC OM | Caeser eee eae Peace, Seer Cornell Medical College, N. Y. City 
TSC ape eee = en ee ee nt one eo ce Renee University Hospital, Ann Arbor, Mich. 
Fear sere EL sy ice ete aU a Pet ee oe eee Western Reserve University 
CESCAS ty UU Wit ee es clea conn eee scse snes saseee tar eaete an ee N. Y. Post-Graduate Medical School 
eabaydina, Vik eee caf cessor she eee ee N. Y. Post-Graduate Medical School 
Rab Ze VGN sce acess feasts Seca eee Western Reserve University 
Keetor Chester Sic csessecces eect oe ere ee Union Medical College, China 
eeetom, ARO DOT, WV (coisa sees sence wan scenes nero nee ee eee University of Illinois 
A EGov rr Cun Neer ieeermpe eee eve are tener re pees screenees acces ae University of Wisconsin 
Kell g oes Wie WEN, coe en cene face ence aren pete ncaa eee Se University of California 
Kendall vy Ag thie Ui es ence eee eee eee Northwestern University Medical School 
WG: SUGKEB Pils Oren eine obec eee rar ee eC ec Mayo Clinic, Minn. 
Hessel) Jolin By. ie. c0 ea sae eck ae en University of California 
KG y;, John Asie note saa eee Shriner Hospital, St. Louis, Mo. 
Raa Sie A sees cease eee eee N. Y. Post-Graduate Medical School 
OSG sy 2a 8 HH) Til BSR ae eee ea a ee eer er et ee eres Wistar Institute, Philadelphia 
Kansellia, Ralpl (As 2.52 Ce Oe cee ee eer St. Louis University 


TRU el OVO Key MUNGO 1B os cee ener erceceaa be N. Y. State Dept. of Health, Albany, N. Y. 
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PETCIG i rh OS es ote nee eo Eee N. Y. Homeopathic Medical School 
Kleitman, Nathaniel Mie sites Me es sh eee ee University of Chicago 
Kligler, Iles dh Seseact 25 ect Re oe ea Tee ac Hebrew University, Palestine 
RING WBS Mieeeee ee ik ae ee Mt. Sinai Hospital, Cleveland, Ohio 
SSIDA CML COU ae ao ee, See ae er ee University of Toronto 
inowlton® Eranks Pate Be eesti tea ose tees Sa eT Syracuse University 
GRU CSOn AT Duthie, Lanes erg Albany Medical College 
back SoA teh ABR ee Co Oe, RE RENAE SO eB University of Illinois 
Seay eee esha: Sate eee Seeded ae 8 oR ee University of Chicago 
Sees Se Greenwich, Conn. 
University of California 
Kolm RS ChOmeplisetieee OM ae iy Mt. Sinai Hospital, New York City 
ESOL OT yO Tam AMen eer a Reais No. eae pe ee University of Pennsylvania 
ESO peloti Ni ChOlasHes eikonal Psychiatric Institute, N. Y. City 
Kp PanyineeeheOdOre. <0... ees ek Se Lie Sie Syracuse University 
USopmis yoni Tiree | See ll be oy ee a eR ee Olean, N. Y. 
BSOBET BOLO WAL bo ete arene sate ee A ee Ee eek University of Mlinois 
ESP AaIN CT MS OM ATU ce ees ee cea eae hee, Ao eee Brooklyn Jewish Hospita. 
KGa STOW ehradic Os eects oe eet) eo ere 6 ts ee ee Columbia University 
JSCUIUTO OVO Ne, 10) A eye ech seta ee a Ree University of Pennsylvania 
JSCRIPT IIE COME ah es eee ee ee N. Y. City Dept. of Health 
AGruiserm nh eOp hile Kee... Bee ea Soe nek eee University of Pittsburgh 
Kergelmapss ibe ewtOns Mane ieee oa) o) tee A od oes ae ey New York City 
Gri CLe Me VEera PaO Nite aoe ee GE ene oe ere tee oe University of Chicago 
URGUTU Ze DOE teem ere tee ke 2 Eien ee Se ee ee St. Louis University 
L244 AVValllits Tae SS item eRe tet eS cLe a he Dee BE ee ee Presbyterian Hospital 
PUep TTI Se EUS Sob =e ease ac ccc ge me cya ae ween naar see ee de ANTES oa University of Georgia 
aa Otis pln poets Se can aks Set econ sak waeseannvavvecese cance oaees daseeacesoo tees Rockefeller Foundation 
GER TANS Ona dle Aa I eae 2 SR cu sas eascecbncccnonaccusendesces eavoreeteeseaeeee Vanderbilt University 
amson, Robert) W,..-..2.c.2--22----s: Sp descerrreeeaa ny Sade ema roe see ae cote Los Angeles, Calif. 
MOAN COOL ID Pe Poe ae oe aan ea Seb vk cca taactantevas seadeocsesesesseteeseacecaacvareearte Columbia University 
Weamds einen war lee 98 2. aeescoc vent a cecatece enero Rockefeller Institute, N. Y. City 
Teer NEI HATA Ng SID LON ENG acer ae ie ee Pee ose ace aa rear -ceeseeate San Francisco, California 
pei SENS TO) eee er RO cee PC en University of Oregon 
Garson ward sete eee ee ee cceeee ed aoe peeeg eee University of Alabama 
Bas hey Gy Bante ae Oe Rg eal ES EAU Lar p= en Johns Hopkins Hospital 
IG EETSION GN eee ee Pei ere eee University of Minnesota 
Niels ball oval seers settee: UP NESE Seo cegese oes Institute for Juvenile Research, Chicago 
MPO aeons Oita Eis ol eset dinamo deme Renee University of Buffalo 
Ibeni ved uals a lyase dco eee eernats Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
[Ean eynvehe  1BIGT Sey 7 eke pee kee cee ceo ore Soe ease cope presree Tulane University 
LLCO Cen Oa IU. cele ene Ree GEE University of California Medical School 
Thee, (dla, dn eke scone ore eee eee ee Hygienie Laboratory, Washington, D. C. 
Lee, Ferdinand (........-.-.--:-:-s-cscs-sssceceseeesenenenennseesecseenensnenees Johns Hopkins University 
Lee, BROT CLG Ts Oem ates re nae ees ce a eae Columbia University 
ecatsa ac RACs eRe OF LOS an eee ee Oe mea aon enERRER NE eat STIcee Harvard University 
i eee onige: LUNN CIEIE 28h. he Sammars: University of Chicago 
RR aes 6" oe Jee Fer ae on eee Hartsdale, N. Y. 
Wovene 1p PAW Disc titre Bc fo Sh wie Mire See ee eA Rockefeller Institute, N. Y. City 
Tavenes GOR Oe ee oo ate Se Rd Se te i eee eee Creighton University 
TOPOL De 60 easctn etc accenncabine ip ten et Rca nse Rane New York City 
TGC TNR cise ee dE Sieh Ete a aes eaeeec aden Towa State College 
Pre Meh acl An ee cia ke A eM tera Montefiore Hospital, N. Y. City 
ee irre arate Zbl itl ote ps VRE eet WS end, Cornell University Med. College 
Tere aonnteamntel "Aes ole LEN ee eae ease ..-.-University of Illinois 
Levy Biber Ug ted eee nae Presbyterian Hospital, N. Y. City 
Wied AE iva cdl et. wits Adee ee GU eee entice x University of Michigan 
Peres ath AU Ek cattlae ahaa td Porenen anne Rockefeller Institute, Princeton, N. J. 
Tene. TeLaT BS aL Ope ape BS Aten Ais Coe cd cece ree University of Colorado 
idd PURARE ARS GENS < MEGATRON i se nea ale 5 cyan aceite Cornell University 
oe C nie Vile Ew hn 2 eel ee Columbia University 
if nie Prank Hon. sph UTI Mee ess reece ee See University of Chicago 
4 y PTAMK IN------- 


Lillie, Ralph S......-...--.-------------------- Denote ea See ee Penna ea canara University of Chicago 
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and antiseptics, colloidal state of, 790. 
Arsphenamin-neo, and blood platelets, 407. 
Arteries supply of testis, 178. 
and electric currents, 166. 
Arthritis, and sodium salicylate on skin al- 
lergy, 857. 
bacteriology of blood, 6. 
experimental, 642. 
pathogenic properties of organisms in, 863. 


Ascites, control of, 70. 

Asthenia and stomach motility, 621. 

Atopens, relationship indicated by passive 
transfer studies, 634. 

Atrophy during metamorphosis, 650. 

Atropine and pilocarpine, effect of calcium 
on, 512. 

Avian molluscum, filtration of virus, 217. 


typing of 


Bacilli, meta-dysentery, 545. 
paratyphoid, experimental food poisoning 
with, 301. 
tubercle, 456. 
Bacillus coli communis and aureus, radiation 


on, 14. 
sordellii, maternally transmitted immu- 
nity to, 799. 


subtilis, destroying Botulinum toxin, 343. 

spores, heat resistance, 95. 

typhosus filtrates, and immune sera, 131. 

typhosus toxic substances for local skin 
reactivity, 843. 

toxic substance of, and bacteriophage, 752. 

typhus immune horse serum, 267. 

Bacteria and acute respiratory tract infection, 

562, 

complement fixation test in yellow fever, 


gram structure of cocci, 364. 

in non-tuberculous infections of urinary 
tract, 499, 

skin after transplantation, 113. 

synergism, hemolytic, 205. 
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synergism on endo medium, 41. 
Bactericidal’ action of indole, 391. 
Bacteriology, composition of antigen-precipitin 

precipitate, 737. 
B 4 pled. in arthritis, 6. 
acteriophage in experimental i ae 
tonitis, 753. puberd aherl 
particulate size, 644. 
staphylococcus, inactivated by methylene 
blue, 100. 
trypsin susceptible, adapted to action of 
trypsin, 97. 
ultrafiltration studies on, 530. 
upon in vivo prepared substance of B. 
typhosus, 752. 
Barium chloride and ouabain, and ventricular 
fibrillation, 201. 
Bartonella infection and ectoparasites, 157. 
Basophilia and resistance, 670. 
Behaviour, and ethyl and methy! alcohol, 330. 
Benzoate, sodium, and growth, 354. 

sodium, in diet, and growth, 858. 
Benet ateie, pharmacological reactions of, 
Bier’s spots, meaning of, 497. 

Bile Bees into vena cava and portal vein, 
salts in urine, test for, 209. 
hve in urine, urobilinogen concentration, 
Bioelectric aspects of all or none law, 838. 
Blastemyces, mannitol agar in differentiation 
of, 544. 

Blepharisma, cannibalism in, 335. 

Bier nbase status, and parenteral fluids, 
374. 

acidity, and high oxygen pressures, 832. 

and meat diet, 324. 

and tissue lactates, and muscular exercise, 

292. 
and urine, levulose determination in, 248. 
and urine, ovarian hormone in, and men- 
strual cycle, 785. 

bacteriology in arthritis, 6. 

cells, phagocytosis of, and tannin, 876. 

changes in pH, and sodium cyanide, 829. 

chemistry, post operative, 17. 

cholesterol in, 336. 

citrated, erythrocyte sedimentation rate, 

and plasma proteins, 115. 
determination of acid-base balance, 780. 
during pregnancy, amino-acids, urea and 
non-protein nitrogen in, 804. 
effect of digitalis on, 524. 
filtrates, analysis of, 353. 
flow during periodic ventilation, 828. 
flow, glomerular, and splanchnic nerves, 
792. 

flow velocity, and posture, 697. j 

jon concentration changes affecting re- 
flex time, 188. 

lactic acid content 
fection, 229. u 

lipoid and inorganic phosphorus, 360. 

mechanical fragility of, 733. 

of mother and new born, 814. 

oxidation of lactic acid by erythrocytes, 

865. 

phosphates in milk fever, 387. 

platelets and neoarsphenamin, 407. 

portal injection of insulin, and hypergly- 

cemia, 485. ase 
pressure affected by ‘‘Vasopressin,” “Oxy- 
tocin,” Pituitary Extract, 243. : 
pressure in skeletal muscles, and epine- 
phrine, 472. i 

regeneration in anemia, 510. 

sugar during glycolysis, 122. 

sugar estimation, Sle i 

sugar utilization and epinephrine, 345. 
Botulinum toxin destroyed by B. subtilis, 343. 

susceptibility to, 89. 


in trypanosome in- 
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Brain, mid, lesions causing hypothermia, 48. 
respiratory quotient, 496 

Bronchi and intestine, and ephedrin, 16. 

Brucella abortus, dissociation of, 101. 


Calcification of tissue, and X-Ray, 257. 
Calcium action on vertebrate heart, 506. 
and phosphorus balances during pregnancy 
_ and lactation, 104. 
in hyperparathyroidism, 717. 
retention and magnesium sulfate, 58. 
and potassium on ephedrine, 680. 
blood, and tetany after thyroparathyroid- 
ectomy, 210. 
gluconate as therapeutic agent, 773. 
pilocarpine and atropine, 512. 
reserve in carbon tetrachloride and chloro- 
form poisoning, 138. 
ey increase by irradiated ergosterol, 


Calorogenic activity of suprarenal gland, 296. 
Cancer and nutrition, 574. 
and tuberculosis, pathological relation, 73. 

Cannibalism in Blepharisma, 335. 

Carbon tetrachloride and chloroform poison- 
ing, guanidine retention and calcium 
reserve, 138. 

Cardiovascular response to adrenalin, 259, 

Caries, dental, and mouth acidity, 718. 

See effect of heat in transplantation, 

Caseinogen, phosphorised, precipitin produc- 
tion, 222. 

Castration, effect on oviduct, 652. 

Cell count of peritoneal fluid, 690. 

division rate and thyroid, 231. 

Cerebro-spinal fluid, reducing reaction, 78. 

Chemicals, and heart rhythm, 816. 


ferrous. sulphate, copper sulphate and 
arsenic, and vitamin A-free diet with 
iron, 14]. 


Chemo-therapeutic substances, and _ surface 
reactions, 789. 
“Chilies,”? and digestive functions and meta- 
bolism, 273. 
Chloremia, hypo, experimental, 874. 
Chloroform and carbon tetrachloride poison- 
ing, guanidine retention and calcium re- 
serve, 138. 
pyridine test for, 403. 
Cholecystokinin preparations and 
pressor phenomenon, 309. 
Cholesterol as digitonid, determination of, 518. 
in blood, 336. 
sensitizing effect of, and ergosterol, 677. 
ultra-violet irradiation, and growth of 
tubercle bacilli in vitro, 43. 
Ciliary body, columnar epithelium of, 739. 
currents and transportation of spermato- 
zoa, 52. 
Circulation, peripheral, and ‘tobacco an- 
gina,” 9. 
Cl. Botulinum Type D Sp. N., 88. ; 
co. and oxygen on flow of cerebro-spinal 
fluid, 831. 
transportation by paraffine oil, 590. | 
Coagulant, anti,—action of heparin in vivo, 
and dosage, 383. 
Cocci, gram structure, 364. 
Coccidioides immitis in lesions, 534. 
Cod liver oil and anemia, 418. 
and fertility and incubation, 615. 
Colloidal state of antiseptics and arsenicals, 


vaso-de- 


90. 
Complement fixation test in yellow fever, 846. 
Conditioned motor responses, 342. y 
Conduction rate and threshold in myelinated 
nerves, 241. 
Conductivity of protozoan cultures, 605. 
Copper, effect on liver, 200 } 
sulphate, ferrous sulphate and arsenic, and 
vitamin A-free diet with iron, 141. 
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Coracidium of oriental diphyllobothrids, in- 
fection with, 250. 

Corydalis ambigua, alkaloids from, 735. 

Culture media preparation for pathogenic 
amebas, 245. 

Curare, effect of alkali injections, 182. 

Currents, high frequency, histologic effect of, 
588 


Cyanide, sodium, and pH of blood, 829. 
Cystine in sweat of cystinurics, 69. 


Demethoxylation of lignin, 320. 

Depressor, vaso,—phenomenon, and cholecy- 
stokinin preparations, 309. 
Development of elastic fibers in 

heart muscle, 779. 
of sympathetic nervous system, 824. 
Diabetes and nitrogen metabolism, 181. 
hyperglycemia of, 120. 
phloridzin, and vital staining, 809. 
Diabetics, latent tolerance in, 449. 
Diarrhea and gastro-intestinal auto-disinfec- 
* tion, 159. 
Diet, and hemoglobin concentration in nursing 
young, 603. 
and phospholipid fatty acids, 793. 
containing sodium benzoate, and growth, 
354, 858. 
fat, influencing growth, 427. 
meat, effect on blood, 324. 
and X-Rays, 30. 
Digestive functions 
“Chilies,’’ 273. 
Digitalis, circulatory changes following, 524 
Digitonid, cholesterol as, determination of, 
518 


embryonic 


and metabolism, and 


Diphtheria toxins and antitoxins, use of para- 
mecia, 213. 
toxin, purification by adsorption, 696. 
Diphyllobothrids, Oriental, infection with, 250. 
Oriental, sparganum stage, infection with, 
252) 
Disinfectants and yeasts, 154. 
resistance of purified bacteriophage to, 
880. 
Disinfection, gastro-intestinal 
diarrhea, 159. 
Duration of life, properties of Na, K, Mg, and 
Ca ions, 797. 
Dysentery, meta, bacilli, 545. 


auto—, and 


Ear lesions and body temperature, 106. 
Eclampsia, and guanidine-like substances, 607. 
hepatic lesion in, 239, 
Ectoparasites in Bartonella infection, 157. 
Edema and morphine, 572. 
experimental, 173. 
Egg-waters, echinid, and surface potential 
difference of sperm, 392. 
Electrocardiogram and hypertension roent- 
genogram, changes in, 367. 
Encephalitis, herpetic, experimental, 699. 
vaccinal, and testicular virus, 559. 
Endocarditis, pathogenesis of, 516. 
Ephedrin on intestine and bronchi, 16. 
epinephrine antagonism, 500. 
Epinephrin, and reaction to pollen and hista- 
mine, 611. 
Electric currents and arteries, 166. 
Electrocardiogram voltage, and altering posi- 
tion of heart, 204. 
voltage, and venous inflow to heart, 202. 
Electrolytes of saliva, 93. 
penetration of, 192. 
Electrophoresis of B. phaseoli sojense, S. and 
R., 299, 
Enamel, vitality of dental, 69. 
Encephalitis herpetic, and tissue-vaccine, 24. 
experimental herpetic, and herpes virus, 


Endothelium, stimulation on phagocytic ac- 
tivity of, 294. 
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Ephedrine homologs and isomers, pharmaco- 
logical action and chemical constitution, 
348. 
potassium and calcium on, 680. | 
Epinephrine and blood sugar utilization, 345. 
ephedrine antagonism, 500. ; 
influencing blood pressure in 
muscles, 472. 
kidney and spleen response to, 443. 
Epithelioid cells produced in lymph glands by 
non-tuberculous substance, 333. 
cells produced in subcutaneous tissues by 
injection of irritants, 331. 
Epithelium, columnar, of ciliary body, 739. 
Ergosterol, and increase in serum calcium, 
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skeletal 


and sensitizing effect of cholesterol, 677. 
irradiated, and parathyroids, 555. 
irradiated, and thrombocyte counts, 639. 
Ergot alkaloids, on intestine and uterus, 501. 
Erythrocyte, glutathione oxidation in, 1. 
oxidation of lactic acid by, 865. : 
sedimentation rate and plasma proteins, 
115. 
“Eucupin” in local analgesia, toxicity of, 526. 
Excretion of fixed acid and base, 376. 
Exophthalmia, 63. 
Eye positions, compensatory in 
Torticollis, 81. 


complete 


Fat, effect of whale oil, 704. 
food, influence on constitution of phospho- 
lipids, 436. 
free rations, wheat 
on fertility, 185. 
in diet influencing growth, 427. 
iodine values of, 515. 
Fatigue of muscle, and adrenalin, 136. 
contracture and ions, 165. 
Fatty acids, volatile, determination of, 108. 
Fertility, ultraviolet light, solar irradiation 
and cod-liver oil, 615. 
wheat germ oil and fat free rations, 185. 
Fever, milk, blood phosphates in, 387. 
Fibrinogen, source of, 490. 
Fibroblasts, classification of, 580. 
Filtrates, culture of skin reactivity to, 207. 


germ oil, influence 


Filtration, ultra, studies on bacteriophage, 
530. 
Food-poisoning, experimental, with paraty- 


phoid bacilli, 301. 
poisoning with paratyphoid poisons, 91. 
irradiated, and superheating, 453. 
Fowl-pox by mosquitoes, 128. 
Freemartin effect in parabiotic twins, 655. 


Galactose and glucose, metabolism of, 694. 
Gall bladder and faradic stimulation of 
stomach, 466. 
emptying, 312. 
evacuation, and histamine, 310. 
tonus changes by Faradic stimulation, 314. 
Gall, ox,- and foreign protein and insulin, 65. 
Gastric juice, total loss of, 305. 
motility and insulin, 769. 
motor mechanism, and acids, 624. 
secretion, ‘“‘basal,’’ mechanical factors, 270. 
inten auto-disinfection, and diarrhea, 
9. 
intestinal tract motility in rickets, 758. 
Gelatin, isoelectric point, 702. 
serum gels orientation of cylindroid par- 
ticles in, 147. 
Gels, gelatin-serum, 147. 
Globin, preparation of, 741. 
Seco absorption and vitamin B deficiency, 
347. 


absorption from intestine, 433. 

and galactose, metabolism of, 694. 

fate of, in eviscerated animal, 432. 
Glutathione oxidation in erythrocytes, 541. 
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Giycemia, hyper, and vasopressin, 
and pituitrin, 146. 
hyper, following portal injection of in- 
sulin, 485. 
hyper, of diabetes, 120. 
Bype and insulin and protein metaboiism, 
hypo, in nursing young with Vitamin B 
deficiency, 72. 
Glycine, X-Ray diffraction spectra of, 527. 
Glycogen content of muscles in tetanus, 466. 
Glycolysis and blood sugar, 122. 
Goiter and iodine, 263. 
produced by vegetables, 822. 
Gratts, ovarian, and ovariectomy, 660. 
Growth, and anemia treated by liver, 869. 
and diet containing sodium benzoate, 858. 
and diet on phospholipid fatty acids, 793. 
and liver extract, 862. 
abe) Acusedactiey on vitamin C free diet, 


oxytocin 


and sodium benzoate, 354. 
and vaccine virus, 556. 
See ceton and proliferation in vitro, 


factors in liver, 715. 
influence of fat on, 427. 
promoting power of digestive mucosa, 503. 
Guanidine-like substances in liver injury and 
eclampsia, 607. 
retention in carbon tetrachloride 
chloroform poisoning, 138. 


and 


Heart, altering position, and electrocardio- 
gram, 204. 
and chemical control of pulmonary venti- 
lation, 833. 
changes in 
rhythms, 834. 
experimental arrhythmias, 570. 
muscle, embryonic, development of elastic 
fibers, 779. 
of race horse, 549. 
rhythm, effect of lithium, ammonium, 
strontium and barium ions, 816. 
venous inflow, and voltage of 
cardiegram, 202. 
vertebrate, action of calcium on, 506. 
Heat regulation and lymph production, 169. 
resistance of B. subtilis spores, 95. 
Hemagglutination by tumor extracts, 134. 
Hemoglobin concentration, influence of diet 
on, 603. 
regeneration, and whole wheat, 322. 
standards, 848. 
Hemorrhagic anemia and radiant energy, 750. 
Heparin in vivo, anticoagulant action, 383. 
purified, anticomplementary action of, 508. 
Heredity, intensity of, and change of sex, 851. 
Herpes febrilis virus, resistance of causative 
agent of tumor, 480. 
virus and experimental herpetic encepha- 
hitis; 21: 
virus, and experimental immunization, 19. 
Herpetic encephalitis, experimental, 699. 
Hexose-phosphate formation by muscle ex- 
tract, and amylase, 356. 
Histamine, absorption from intestine, 765. 
absorption from intestine, and parathy- 
roidectomy, 768. 
and pollen, skin reaction to, 611. 
dilator effect on cerebral vessels, 706. 
on gall-bladder evacuation, 310. 
skin reaction to, and epinephrin, 612. 
test for achlorhydria during fever, 422. 
Histologic effect of high frequency currents, 
588. 
Histolysis, tail skin, during metamorphosis, 
451. 
Hormone, anterior hypophyseal, and_hyper- 
plasia of mammary apparatus, 598. 
maturity, and hyperplasia of mammary 
apparatus, 597. 


respiratory and _ cardiac 


electro- 
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maturity, stimulation of placentoma re- 
action by, 597. 

and birth mechanism, 595, 

pituitary on thyroid, 860. 

male, 325. 

male, 569. 

seasonal variation in interstitial tissue of 
testis, 727. 

standardization of male, 686. 

follicular, 685. 

follicular, and basal metabolism, 265. 

cestrus producing, chemistry of, 569. 

oestrous, in urine, 586. 

ovarian, and basal metabolism, 782. 

Ovarian, content of urine in pregnancy, 


882. 
assay in blood and urine, and menstrual 
cycle, 785. 


inducing menstruation, 430. 
and hen-feathering, 86. 
Hydrion concentration, sap, and mineral nu- 
trient balance, 189. 
Hydroquinone in vitamin A deficiency, 328. 
Hydroxyl, base excretion, fixed acid and, 376. 
Hyperplasia of mammary apparatus by an- 
meek hypophyseal maturity hormone, 


of mammary apparatus induced by an- 
terior hypophyseal hormones, 598. 
Hypophyseal hormones, hyperplasia of mam- 
mary apparatus, 598. 
maturity hormone, and hyperplasia mam- 
mary apparatus, 597. 
maturity hormone, stimulation of placen- 
toma, 597. 
Hyphophysis, cell types in pars anterior, 424. 
maturity hormone, and birth mechanism, 
595. 
Hypothermia due to lesions in midbrain, 48. 


Icteric index and Van den Bergh tests, 438. 
Immune horse serum, typhus bacillus, 267. 
Immunity, local, in lungs immunized against 
pneumococci, 314. 
ultra-violet absorption related to, 878. 
virus, in tissue cultures, 494. 
to B. sordellii, maternally 
799. 
Immunization by type specific pneumococcic 
pleural exudates, 687. 
experimental, with herpes virus, 19. 
ora! and pneumococci, 565. 
Inanition, and phospholipid fatty acids, 795. 
Indole, bactericidal action, 391. 
Infection, acute of respiratory tract, 562. 
resistance, and vaccination with pneumo- 
coccus, 226. 
with poliomyelitis virus, 632. 
with sparganum stage of Oriental Diphyl- 
lobothrids, 252. 
and inadequate supply of Vitamin A, 233. 
and thyroid, 472. 
Inheritance, and hypersensitiveness, 679. 
of respiratory anaphylaxis, 8. 
Inoculation, intratracheal, and lung abscess, 


transmitted, 


Insulin activity, inhibition of, 11. 
and foreign protein after ox-gall, 65. 
and phosphocreatine, 533. 
and protein metabolism, 631. 
isolation in crystalline form, 219. 
on gastric motility. 769. 2 
portal injection, and hyperglycemia, 485. 
Interference and circuit transmission of acti- 
vation waves, 316, 
Interstitial tissue of testis, 
tions, 727. 
Intestine obstruction, experimental, 464. 
absorption of histamine from, 765. 
and bronchi, and ephedrin, 16. 
and uterus, action of ergot alkaloids, 501. 
reciprocal activity of muscle coats, 813. 


seasonal varia- 
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In vitro cultures, virus immunity in, 494. 
differentiation and proliferation, 583. 
tissues in latent life, 585. 
tubercle bacilli, and irradiated cholesterol, 

43. 

In vivo heparin, anticoagulant action, 383. 

Jodine and goiter, 263. F 
imorganic, injection and metamorphosis, 

191. 


values of rat fat, 515: 
oils, on serous membranes, 307. 

Ion cencentration of blood, reflex time, 188. 
and fatigue contracture, 165. 
of adsorbed protein, 689. 

Iron, vitamin A-free diet, and chemicals, 141. 
iodide to vitamin A-free diet, and arsenic, 

143. 

Irradiated ergosterol, and parathyroids, 555. 
ergosterol and thrombocyte counts, 639. 
foods, antirachitic properties influenced by 

superheating, 453. 
Irradiation, and potentiometric and spectro- 
photometric changes, 618. 


of cholesterol, and growth of tubercle 
bacilli in vitro, 43. 

of crude coal tar, 33. 

serum calcium increase and_ ergosterol, 


199. 
solar, and fertility and incubation, 615. 
Isoelectric point of gelatin, 702. 


Jaundice, activity of stomach during, 770. 
Joint cavities, lymphatic drainage, 395. 


Kala-azar, transmission of, and sandflies, 277. 

transmitted by sandflies, and slapping, 
280. 

KI and anterior pituitary, and thyroid gland, 
09. 


Kidney and spleen response to epinephrin, 443. 
enlargement, high concentrations of pro- 
tein, and vitamins B and G, 725. 


Labyrinth destruction and body temperature, 
104. 


Lactates, and muscular exercise, 292. 
Lactic acid content of blood and trypanosome 
infection, 229. j 
increase in muscle under anesthetics, 641. 
oxidation by erythrocytes, 865. 
Lactation and pregnancy, C and P balances, 


Latent life, tissues in vitro, 585. 
Leptospira icterohaemorrhagiae, 26. 
Lesions, haemorrhagic glomerular, and Strep- 
tococcus viridans, 397. 
Leucocytes, and Cathode rays, 380. 
Leukemia, experimental transmission, 362. 
Levulose determination in blood and urine, 
248. 
tolerance for, 
jury, 249 
Lignin, demethoxylation of, 320. 
Lipin content of nervous system in anesthesia, 
776. 
phosphorus determination, 67. 
Lipoid and inorganic phosphorus in blood, 360. 
Liver, and adrenalin and pituitrin, 628. 
autolysis in vivo, 304. 
effect of copper, 200. 
extract on food consumption, utilization 
and growth, 862. 
extract standardization, 13. 
growth factors in, 715. 
in anemia, and basal metabolism, 872. 
in anemia, and growth, &69. 
injury and eclampsia, and guanidine-like 
substances, 607. 
injury, experimental, 
Jevulose, 249. 
lesions in eclampsia, 239. 
Locke’s for perfusion of segments of intes- 
tine, 811. 


in experimental liver in- 


and tolerance for 
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Luminous substances, stability of, 133% 
Lung abscess, chronic, production of, 28. 
Lutaum, corpus, inhibiting oestrus, 818. | 
Lymph glands, epithelioid cells in, by injec- 
tion of non-tuberculous substance, 333. 
production and heat regulation, 169. 
drainage of joint cavities, 395. 
Magnesium sulfate in retention of Ca. and P., 
58. 
Malaria, anemia from, and reticulocyte be- 
havior, 417. 
Mannitol agar in 
myces, 544. 
fermenting monilia, 544. 
Measles, toxins and antitoxins, use of para- 
mecia, 213. 
Meningeal blood vessel, and afferent nerve 
fibers, 288. : 
Meninges, permeability of, and hyperpyrexia, 
286. 


differentiation of blasto- 


Menstrual cycle and ovarian hormone in blood 
and urine, 785. Z 
Menstruation induced by ovarian hormone, 
430. 
Metabolism, thyroid substance and KI, 636. 
and digestive functions, and “‘chilies”’, 


and urine pentose, 321. 
basal, and injection of follicular hormone, 
265. 
basal, and liver in anemia, 872. 
basal, and ovarian hormone, 782. 
basal, and skin temperature, 784. 
basal, and thyroid, 389. 
nitrogen, and diabetes, 181. 
of galactose and glucose, 694. 
protein, and insulin, 631. 
Metals combined with urease or coenzymes of 
amoebocytes, 111. 
Metamorphosis, atrophy in, 650. 
by inorganic iodine injection, 191. 
influence of atrophying gills, 183. 
integumentary pigmentation during, 451. 
Methylene blue inactivating staphylococcus 
bacteriophage, 100. 
Microorganisms, skin reactivity to culture 
filtrates, 207. 
Monilia, mannitol fermenting, 544. 
Monocytes produced in subcutaneous tissues 
by irritants, 331. 
reaction in Virus III disease, 666. 
reaction in neoplasia, 668. 
response to peroxydase test, 55. 
Morphine, anesthesia and pupillary reactions, 


and edema, 572. 
and feeding in conditioned salivary re- 
sponse, 167. 
salivary conditioned response, extinction 
of, 168 
Mosquitoes and fowl-pox, 128. 
Mucosa, digestive, growth-promoting power, 


503. 
Muscle coats of intestine, reciprocal activity 
of, 813. , 
extract, formation of hexose-phosphate, 


and amylase, 356. 
in tetanus, glycogen content of, 466. 
skeletal, blood pressure in, and epine- 
phrine, 472. 
contraction and oxygen, 830. 
exercise, and lactates, 292. 


Neoplasia, monocytic reaction in, 668. 
Nephritis, streptococcal, urinary findings in, 
546. 
Nerve fibers, afferent, in meningeal blood ves- 
sel, 288. 
unmyelinated fibers, 349. 
and pupillary dilatation, 461. 
ete degeneration of, and reflex arcs, 
867. 
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miyatpated: threshold and conduction rate, 


somatic, action potential in fibers, 646. 
splanchnic, on glomeruiar blood flow and 
reflex aneuria, 792. 
system, differentiation of fibers, 645. 
system in anesthesia, lipin content of, 776. 
system, sympathetic, development of, 824. 
Nicotine tolerance, 845. 
Nitroprusside, toxicity of, 102. 
Nutrient balance, minerai, and sap hydrion 
concentration, 189. 
Nutrition and cancer, 574. 
mineral, and isolation, 662. 


Oestrus and reflex time, 657. 
hormone in urine, 586. 
inducing effect of taurocholate, 820. 
pita by extracts of corpus luteum, 


producing hormone, chemistry of, 568. 
Oil, paraffine, transportation of COg by, 590. 

whale and depot fat, 704. 

Me germ, fat free rations, and fertility, 


iodized, on serous membranes, 307. 
Osmotic pressure, colloid, and serum proteins 
relations, 1. 
Ouabain and barium chloride, and ventricular 
fibrillation, 201. 
Ovariectomy and transplantation in 
nancy, 659. 
differential reaction to ovarian grafts, 660. 
early, spermatogenesis following, 338. 
Ovary, and urine in pregnancy, 720. 
Oviduct, effect of castration, 652. 
Oxygen and blood flow, 828. ? 
and COs on flow of cerebro-spinal fluid, 
831. 
and muscular contraction, 830. 
and response to reflex and motor stimula- 
tion, 826. 
and response to reflex stimulation, 827. 
peripheral chemical control of pulmonary 
ventilation, 833. 
pressures, blood acidity, blood flow and 
respiration, 832. 
Oxyhemoglobin determination by 
colorimeter, 791. 
“Oxytocin”, effect on blood pressure, 243. 
vasopressin, and pituitrin, and hypergly- 
cemia, 146. 


preg- 


Duboscq 


Pancreatectomy, effect of, 463. 

Paramecia for studying toxins 
toxins, 213. [ 

thirteen thousand generations, 707. 

Parasiticidal potencies of derivatives of rosan- 
ilin, 748. : ; 

Parathyroidectomy, and absorption of hista- 
mine from intestine, 768. 

Parathyroids and irradiated ergosterol, 555. 
hyper, calcium and phosphorus in, 717. 
Paratyphoid bacilli, experimental food poison- 

ing with, 301. 
intoxication, experimental, 49. 
poisons, heat stabile, and food, 91. 
Pars anterior of hypophysis cell types in, 424. 
Pathogenic properties of organisms in arth- 
ritis, 863. ' 
Penetration of alkaloids, 135. Sas 
of dyes into living cells, prediction of, 125. 
of electrolytes, 192. ; _ 
Pentose, urine, in normal metabolism, 321. 
Peristalsis, intestinal, and urethane, 871. 
Peritoneal fluid, cell count of, 690. 
Peritonitis, typhoid, and bacteriophage, 753. 
Permeability into living cells, 290. 
of dyes, into living cells, prediction of, 125. 
of electrolytes, 192. , 
of meninges, and hyperpyrexia, 286. 
penetration of alkaloids, 135. 


and anti- 
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resistance changes in collodion membranes 
and cells, 358. 
Peroxydase test, monotytic response to, 55. 
Perspiration and sleep, 577. 
Phagocytic activity of endothelium, stimula- 
tion on, 294. 
Phagocytosis of blood cells, and tannin, 876. 
Pharmacological action, chemical constitution 
of ephedrine homologs and isomers, 348. 
reactions of benzothiazole, 721. 
Phosphates, blood, in milk fever, 387. 
Phosphoric acid, tertiary dissociation con- 
stant, 129. 
Phosphorus and calcium in hyperparathyroid- 
ism, 717. 
and C_ balances 
lactation, 104. 
and Ca. retention and magnesium sulfate, 


during pregnancy and 


lipin, determination, 67. 
lipoid and inorganic in blood, 360. 

Phosphocreatine and insulin, 533. 

Phospholipid fatty acids, and diet, 793. 
fatty acids, and inanition, 795. 
influence of food fat on, 436. 

Pilocarpine and atropine, effect of calcium on, 
on pupil, 79. 

Pituitary and KI, and thyroid gland, 109. 
extract, effect on blood pressure, 243. 
hormones of anterior, and thyroid, 860. 
transplants and reproduction, 692. 

Pituitrin and adrenalin, and liver, 628. 
vasopressin and oxytocin, and hypergly- 

cemia, 146. 
Placentoma reaction by anterior hypophyseal 
maturity hormone, 597. 

Plethysmograms, recording of, 711. 

Pneumococci, and local immunity, 314. 
and oral immunization, 565. 
typing, agglutination, antibody determi- 

nation, 492. 
pleural exudates, and immunization, 687. 


anti-, protective substance in normal 
serum, 284. 

intracutaneous vaccination, antibody re- 
sponse, 224. 

Rae coiaeon with, and hypersensitiveness, 
227. 

vaccination with, and resistance to infec- 
tion, 226. 


Poliomyelitic virus and streptococci, resist- 
ance in glycerol, 337. 


Poliomyelitis, and lesions in mucus mem- 
brane, 664. 
virus infection, 632. 
virus of, 600. 


Pollen and histamine, skin reaction to, 611. 
proteins, fractionation, and skin reactions, 
771. 
skin reaction to, and epinephrin, 612. 
Posture, and velccity of blood flow, 697. 
Potassium and calcium on ephedrine, 680. 
iodide and thyroid, 468. 
Potatoes, sweet, Vitamin A and B content, 
254 


Potential difference of sperm, and echinid 
egg-waters, 392. 
Potentiometric changes by irradiation, 618. 
Precipitin tests with tubercle bacilli, 672. 
Pregnancy, amino-acids, urea and non-protein 
nitrogen in blood during, 804. 
and lactation, C and P. balances, 104. 
antitryptic titre in, 592. 
ovarian hormone content of urine during, 
882. 
Proteins and diazotized aromatic amines in 
neutral solution, 482. 
antiseptic activity of adsorbed, 787. 
denaturization rate, and _ specific 
bodies, 525. 
foreign, and insulin after ox-gall, 65. 


anti- 
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intake, effect on reproduction, 521. 

ionization of adsorbed, 689. ‘ 

plasma, erythrocyte sedimentation rate, 
5s 


renal enlargement, and vitamins B and G, 
725. 
solutions concentrated without denatura- 
tion, 744. 
Protoplasm, living, reversible changes, 124. 
Protozoan cultures, conductivity of, 605. 
Pulmonary suppuration, pathogenesis of, 723. 
Pupil, and pilocarpine, 79. 
and sympathomimetic drugs, 80. : 
dilatation, reciprocal innervation during, 
461. 
reactions during anesthesia after mor- 
phine, 3. 4 
Pyrexia hyper on permeability of meninges, 
6 


Pyridine test for chloroform, 403. 
Quinine salts solubility, and alkalis, 613. 


Rachitic, anti, properties of irradiated foods, 
and superheating, 453. 

Radiation, on anemia, 751 
on hemorrhagic anemia, 750. 
resistance to tetanus toxin in rickets, 757. 
infra-red, and rickets, 77. 
on S. aureus and B. coli communis, 14. 
ultra-violet absorption, and immunity, 878. 
ultra-violet, and fertility and incubation, 


615. 

ultraviolet, and stimulation and _ inhibi- 
tion, 175. ; 

ultraviolet transparency of human skin, 
778. 

motility of gastro-intestinal tract in 


rickets, 758. 
cathode, and leucocytes, 380. 
secondary, on S. aureus and B. coli 
communis, 14. 
Recorder, automatic drop, 52. 
“Refection,”” 552. 
Reflex and motor stimulation response, and 
low oxygen, 826. 
aneuria mechanism, and splanchnic nerves, 
792. 
arcs, enteric and degeneration of extrinsic 
nerves, 867. 
cutaneous in hypothyroidism, 776. 
response, and sodium sulphide and cyan- 
ide, 825. 
stimulation, response to, and respiration, 
828. 
stimulation, response to, and ventilation, 


time and changes in ion concentration of 
blood, 188. 
time and oestrus, 657. 
conditioned, 81, 342. 
extinction of morphine salivary condition- 
ed response, 168. 
morphine and feeding in 
sponse, 167. 
Regeneration, blood, in anemia, 510. 
hemoglobin, and whole wheat, 322. 
Reproduction and growth on vitamin C free 
diet, 276. 
effect of protein intake on, 521. 
Resistance and basophilia, 670. 
RES bacteriophages to disinfectants, 
Respiration, irregular, and response to reflex 
stimulation, 828. 
tissue, and thyroidectomy, 439. 
Respiratory anaphylaxis following sensitiza- 
tion, 127. 
anaphylaxis, sensitizing dose, 325. 
and cardiac rhythms, synchronous experi- 
mental changes in, 834. 
depressants on respiratory quotients of 
excised tissue, 722. 


salivary re- 
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quotient of brain, 496. : 
quotients of excised tissue, and respira- 
tory depressants, 722. 
tract, acute infection, 562. 
Reticulocyte behavior in anemias, 417. 
Reversible changes in living protoplasm, 124. 
Rickets and infra-red radiation, 77. 
and radiation on resistance to tetanus 
toxin, 757. 
endogenous, 181. 
Rinderpest, experimental, 22. 


Salicylate, sodium, and skin allergy, 857. 
Saliva, electrolytes of, 93. 
gland poison of Aedes aegypti, 806. 
slapping in transmission of kala-azar, 280. 
Sandflies, and transmission of kala-azar, 277. 
Sap hydrion concentration and mineral nu- 
trient balance, 189. 
Scarlet fever streptococcus toxin, 50. : 
toxins and antitoxins, use of paramecia, 
213: 
Schick toxin, buffered diluent for, 801. 
Secretion, “‘basal’’ gastric, 270. 
Sensitiveness, hyper, and vaccination with 
pneumococcus, 227. 
Serum, immune, and B. typhosus filtrates, 
131. 
antipneumococcus 
284. 
calcium increase by irradiated ergosterol, 
199; 
gelatin-, gels, 147. 
death following injection, 117. 
proteins and colloid osmotic pressure re- 
lations, 1. 
Sex change and intensity of heredity, 851. 
Skin reactions and fractionation of pollen pro- 
teins, 771. 
reactivity to culture filtrates, 207. 
ultraviolet transparency of, 778. 
Sleep and insensible perspiration, 577. 
Sodium iso-amyl-ethyl barbiturate inducing 
anesthesia, 399. 
ricinoleate, and subcutaneous tissue, 854. 
papnide and cyanide on reflex response, 
9 
Spectrophotometric changes by 


protective substance, 


irradiation, 


Speech, air and bone transmitted, quantita- 
tive testing, 355. 
Sperm, surface potential 
echinid egg-waters, 392. 

transportation and ciliary currents, 52. 

Spermatogenesis following ovariotomy, 338. 

Spinach and anemia, 835. ; 

Spinal fluid, cerebro-, reducing reaction, 78. 
fluid, rate of flow, and low oxygen and 

high alveolar COs, 831. 

Spirochete, in vitro cultivation, 761. 

Spleen and kidney response to epinephrin, 443. 
changes in size after exercise, 529. 
denervated, in adrenalectomy, 271. 
etiology of splenomegaly, 410. 
filaments in siderotic nodules, in spleno- 

megaly, 413. 
Splenomegaly, etiology of, 410. 
Staphylococcus aureus and B. coli communis, 
radiation on, 14. 
bacteriophage inactivated by methylene 
blue, 100 
Stimulation, and phagocytic activity of endo- 
thelium, 294. 
in Nitella, 836. 

Stomach activity in jaundice, 770. 
faradic stimulation, and gall-bladder, 466. 
motility and asthenia, 621. 

Streptococcus and poliomyelitic virus, resist- 

ance in glycerol, 337. 

hemolyticus, dissociation, 145. 

toxin, scarlet fever, 50. 

viridans, and haemorrhagic glomerular 
lesions, 397. 


difference, and 
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Scuecrccs nephritis, urinary findings in, 


Succinoxidase activity of tissues and thyroid- 
ectomy, 441. 
Sugar, blood, during glycolysis, 122. 
blood, estimation of, 351. 2 
blood, utilization and epinephrine, 345. 
fate of, in eviscerated animal, 432. 
Suprarenal gland, calorogenic activity of, 296, 
eae Magen to Botulinum toxin type B, C, 
» 89. 
Sweat of cystinurics, cystine in, 69. 
pyenpey ncn irritability and hyperthyroidism, 
Sympathomimetic drugs on pupil, 80. 
Synergism, bacterial, on endo medium, 41. 
hemolytic bacterial, 205. 
Syphilis test, sensitizing effect of cholesterol, 
and ergosterol, 677. 
Tar, crude coal, irradiation, 33. 
Taurocholate inducing oestrus, 820. 
Tea and Vitamin C, 82. 
Teeth and thyroparathyroidectomy, 598. 
Temperature, body, and lesions of vestibular 
nuclei, 106. 
critical, and thermal increments of bio- 
logical reactions, 446. 
regulation, and labyrinth destruction, 104. 
skin and basal metabolism, 784. 
Tension, hyper, roentgenogram and electro- 
cardiogram, changes in, 367. 
Testis, arterial supply of, 178. 
Tetanus, glycogen content of muscles in, 466. 
and blood calcium after thyroparathy- 
roidectomy, 210. 
Thyroid after KI and anterior pituitary, 109. 
and basal metabolism, 389. 
and hormones of anterior pituitary, 860. 
and infections, 472. 
and potassium iodide, 468. 
and rate of cell division, 231. 
and sympathetic irritability, 459. 
anterior lobe substance, and precocious 
metamorphosis, 149. 
anterior lobe substance, effect of feeding, 
15L. 
anterior lobe substance 
thyroid gland, 153. 
effect of anterior lobe substance on, 152. 
hyper, antitryptic titre in, 592. 
hypo, experimental, reflex in, 776. 
transplantation into brain, 236. 
substance and potassium iodide on meta- 
bolic rate, 636. ; 
Thyroidectomy and succinoxidase activity of 
tissues, 441. 
and tissue respiration, 439. 
Thyroparathyroidectomy and teeth, 598. 
tetany and blood calcium, 210. | 
Tomatoes, Vitamin A during ripening, 45. _ 
Tonus changes in gall bladder by Faradic 
stimulation, 314. sk : 
Torticollis, compensatory eye positions in, 81. 
Toxicity of nitroprusside, 102. %, 
Toxin, Botulinum, destroyed by B. subtilis, 
343. 
botulinum, susceptibility to, 89. 
and antitoxins, use of paramecia, 213. 
and venoms, effect of, 522. : 
bacterial, purification by adsorption, 696. 
heat labile, in closed intestinal loops, 654. 
scarlet fever streptococcus, 50. 
Schick, buffered diluent for, 801. 
Transplants, adrenal in transparent chamber, 
745. eae: 
Transmission and interference of activation 
waves, 316. 
of leukemia, experimental, 362. | 
speech, air and bone, quantitative test- 
ing, 355 . Y 
Transplantation and ovariectomy in preg- 
nancy, 659. 


in absence of 
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effect of graded degrees of heat upon 
cartilage, 238. 

of skin bacteria, 113. 

of mammalian tissues, 372. 

of thyroid gland into brain, 236. 

of tissues, 731. 

eyes, correlation in development of struct- 
ures associated with, 726. 

eyes, return of vision, 477. 

limbs, movements in, 729. 

of pituitary, and reproduction, 692. 


Trimethyl derivatives of rosanilin, parasiti- 
cidal potencies of, 748. 

Trypanosome infection, and lactic acid con- 
tent of blood, 229. 

Trypsin susceptible bacteriophage adapted to 
trypsin, 97. 

Tubercle bacilli, 456. 
precipitin tests with, 672. 
in vitro, and cholesterol 

ultra-violet, 43. 

ee ee and cancer, pathological relation, 

mF 

Tuberculous, non-, infections of urinary tract, 

bacteria in, 499, 
non-, substance producing epithelioid cells 
in lymph glands, 333. 

Tularemia, experimental, 260, 426. 
natural infection, 626. 

Tumor extracts, hemagglutination by, 134. 
resistance of causative agent to solvents 

compared with vaccine virus and Herpes 
febrilis virus, 480. 

Twins, parabiotic, freemartin effect, 655. 

Typhoid peritonitis, and bacteriophage, 753. 

Typhus bacillus immune serum, 267. 

Tyrode’s for perfusion of segments of in- 

testine, 811. 


irradiated by 


Urea concentration test, 40. 
Urease of amoebocytes combined with metals, 


Uremia and enteritis, 171. 
Uretero-ureteral anastomosis, 18. 
Urethane and intestinal peristalsis, 871. 
Urine findings and renal pathology in strep- 
tococcal nephritis, 546. 
tract, bacteria in non-tuberculous infec- 
tions of, 499. 
and blood, levulose determination in, 248. 
and blood, ovarian hormone in, and men- 
strual cycle, 785. 
containing bilirubin, urobilinogen concen- 
tration in, 629. 
in pregnancy, and ovary, 720. 
in pregnancy, ovarian hormone content, 


oestrous hormone in, 586. — 
pentose in normal metabolism, 321. 
test for bile salts, 209. 


Urobilinogen in urine containing bilirubin, 
629. 

Uterus and intestine, action of ergot alkaloids, 
501. 


Vaccine encephalitis and testicular virus, 559. 
intracutaneous, with pneumococcus, anti- 
body response, 224. 
with pneumococcus, and _hypersensitive- 
ness, 227. 
with pneumococcus, and resistance to in- 
fection, 226. 
in experimental herpetic encephalitis, 24. 
virus in growing embryo, 556. 
virus, resistance of causative agent of 
tumor, 480. 
Van den Bergh tests and icteric index, 438. 
“Vasopressin,” effect on blood pressure, 243. 
oxytocin and pituitrin, and hyperglycemia, 
146 


Vegetables and goiter, 822. 
Velocity of blood flow, and posture, 697. 
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Venoms and toxins, effect of, 522. 
dried, crystalline principles, 378. 
Ventricular fibrillation, effect of 
chloride and ouabain, 201. 
Vibriothrix, new, 543. 
Virulence of B. phaseoli sojense, S. and R, 
299. 
Virus, effect of drying on, 479. 
immunity in tissue cultures, 494. 
of Avian molluscum, filtration ‘Or, 217. 
of poliomyelitis, 600. 
poliomyelitis, infection, 632. 
testicular, and vaccinal encephalitis, 559. 
III disease, monocytic reaction, 666. 
vaccine, in growing embryo, 556. 
vaccine, resistance of causative agent of 
tumor, 480. 


barium 


Vital staining and phloridzin diabetes, 809. 
stains, penetration into living cells, 290. 
Vitamin A and B content of sweet potatoes, 

254. 
A deficiency, and hydroquinone, 328. 
A during ripening of tomatoes, 45. 
A-free diet with iron, and arsenic, copper 
sulphate and ferrous sulphate, 141. 
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A, inadequate supply, and acute infec- 
tions, 233. 

B and G, relation to renal enlargement, 
and protein, 725. 

B content of sweet potatoes, 254. 


B deficiency and absorption of glucose, 
347. 


B deficiency, and hypoglycemia in nur- 
sing young, 72. 

B, heat-stable factor in, 536. 

C free diet, and growth and reproduction, 
276. 

C in tea, 82. 

E, sources of, 521. 

G, heat-stable factor, 536. 


Wheat, whole, and hemoglobin regeneration, 
322. 
X- Ray diffraction spectra of glycine, 527. 
investigations on calcification of tissue, 


257. 
relation of dietary, 30. 


Yeasts and disinfectants, 154. 
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